Investigating smallholder cattle and buffalo reproductive health and management in Lao PDR to enhance reproductive efficiency and improve livelihoods by Olmo, Luisa
  
Investigating smallholder cattle and buffalo reproductive 
health and management in Lao PDR to enhance 
reproductive efficiency and improve livelihoods 
 
 
 
 
by 
Luisa Olmo 
 
Bachelor of Animal and Veterinary Bioscience (Hons) 
 
 
 
 
 
A thesis submitted in fulfilment of the requirements for the degree of Doctor of 
Philosophy 
Sydney School of Veterinary Science 
The University of Sydney 
 
January 2020
I 
 
Table of Contents 
 
Declaration of Authorship ........................................................................................ V 
Acknowledgements ................................................................................................ VI 
Summary.............................................................................................................. VIII 
Thesis style ........................................................................................................... XII 
Acknowledgement of author’s contributions to research and publications ........... XIII 
Additional publications by the candidate, as primary author or co-author, relevant 
to the thesis but not forming part of it ................................................................. XVII 
List of Abbreviations ............................................................................................ XIX 
List of Tables ....................................................................................................... XXI 
List of Figures ................................................................................................... XXIV 
Chapter 1. Literature Review: Considerations for improving reproductive 
efficiency on smallholder cattle and buffalo farms in Lao PDR ........................... 1 
1.1. Importance of enhancing large ruminant reproductive efficiency ..................... 1 
1.1.1. Overview of large ruminants in smallholder farms in Laos ......................... 4 
1.1.2. Geography, topography and climate .......................................................... 4 
1.1.3. Role of large ruminants .............................................................................. 7 
1.1.4. Large ruminant breeds and herd dynamics................................................ 9 
1.1.5. Nutritional availability for large ruminants ................................................ 11 
1.1.6. Status of large ruminant reproductive efficiency and outcomes ............... 14 
1.2. Diseases potentially affecting large ruminant reproductive performance ....... 17 
1.2.1. Transboundary animal disease ................................................................ 17 
1.2.2. Endemic internal parasites....................................................................... 19 
1.2.3. Emerging infectious abortifacient pathogens ........................................... 22 
1.3. Constraints of current reproductive management .......................................... 27 
1.3.1. Unrestricted breeding .............................................................................. 28 
1.3.2. Post-calving selection, slaughter and sale ............................................... 31 
1.4. Opportunities to enhance reproductive management .................................... 32 
1.4.1. Altering the breeding season ................................................................... 33 
1.4.2. Bull selection and maintenance ............................................................... 34 
1.4.3. Castration and weaning ........................................................................... 35 
1.4.4. Cross-breeding ........................................................................................ 36 
1.5. Conclusion and aims of thesis ....................................................................... 38 
II 
 
Chapter 2. Investigation of infectious reproductive pathogens of large 
ruminants: Are neosporosis, brucellosis, leptospirosis and BVDV of relevance 
in Lao PDR? ............................................................................................................ 41 
Abstract ................................................................................................................. 41 
2.1. Introduction .................................................................................................... 42 
2.2. Materials and methods ................................................................................... 46 
2.2.1. Serum sample collection and availability ................................................. 46 
2.2.2. Sample size and serum sample selection ................................................ 46 
2.2.3. Serological analysis ................................................................................. 48 
2.2.4. Statistical analysis ................................................................................... 50 
2.3. Results ........................................................................................................... 51 
2.3.1. Neospora caninum antibody status .......................................................... 51 
2.3.2. Bovine viral diarrhoea virus (BVDV) antibody status ............................... 56 
2.3.3. Brucella antibody status ........................................................................... 57 
2.3.4. Leptospira interrogans serovar Hardjo antibody status ............................ 57 
2.3.5. Co-infection .............................................................................................. 58 
2.4. Discussion ...................................................................................................... 58 
2.5. Conclusions ................................................................................................... 65 
Chapter 3. Risk factors for Neospora caninum, bovine viral diarrhoea virus, 
and Leptospira interrogans serovar Hardjo infection in smallholder cattle and 
buffalo in Lao PDR ................................................................................................. 67 
Abstract ................................................................................................................. 67 
3.1. Introduction .................................................................................................... 69 
3.2. Materials and Methods ................................................................................... 73 
3.2.1. Ethics statement ...................................................................................... 73 
3.2.2. Serum sample collection .......................................................................... 74 
3.2.3. Serological analysis ................................................................................. 77 
3.2.4. Epidemiological survey and design .......................................................... 78 
3.2.5. Statistical analysis ................................................................................... 80 
3.3. Results ........................................................................................................... 83 
3.3.1. Demographic factors ................................................................................ 83 
3.3.2. Reproductive practices and performance ................................................ 84 
3.3.3. Animal health, nutrition and other management practices ....................... 86 
3.3.4. Knowledge of abortifacient and zoonotic disease .................................... 89 
3.3.5. Farmer engagement in disease risk practices and their associated factors
 ........................................................................................................................... 90 
III 
 
3.3.6. Animal-level seroprevalence and associated risk factors ........................ 94 
3.3.7. Herd-level seroprevalence and associated risk factors ............................ 99 
3.4. Discussion .................................................................................................... 101 
3.5. Supporting information ................................................................................. 111 
Chapter 4. Can fenbendazole medicated molasses blocks control Toxocara 
vitulorum in smallholder cattle and buffalo calves in developing countries? 
Studies from upland Laos ................................................................................... 112 
Abstract ............................................................................................................... 112 
4.1. Introduction .................................................................................................. 114 
4.2. Materials and Methods ................................................................................. 117 
4.2.1. Study site, farmer selection and block supplementation ........................ 117 
4.2.2 Experimental design of each trial ............................................................ 119 
4.2.3. Sample collection and faecal egg count analysis ................................... 121 
4.2.4. Statistical analysis ................................................................................. 122 
4.3. Results ......................................................................................................... 124 
4.3.1. Descriptive FEC, EPG and weight results from the 2016 study ............. 124 
4.3.2. Multivariable LMM analysis from the 2016 trial ...................................... 127 
4.3.3. Descriptive FEC, EPG, weight and fenbendazole consumption results 
from the 2018 trial ............................................................................................ 130 
4.3.4. Multivariable LMM analysis from the 2018 trial ...................................... 132 
4.3.5. Changes in calf value over time per treatment in the 2016 and 2018 trial
 ......................................................................................................................... 134 
4.3.6. Descriptive FEC, EPG and weight results from the 2015 pilot study ..... 135 
4.4. Discussion .................................................................................................... 136 
Chapter 5. Improving reproductive efficiency on beef cattle and buffalo 
smallholder farms in Lao PDR where reproductive management is low ........ 145 
Abstract ............................................................................................................... 145 
5.1. Introduction .................................................................................................. 147 
5.2. Materials and methods ................................................................................. 150 
5.2.1. Project design and farmer selection ....................................................... 150 
5.2.2. Knowledge, attitude and practice survey collection ............................... 153 
5.2.3. Survey design and collection ................................................................. 154 
5.2.4. Data management and statistical analysis ............................................. 155 
5.3. Results ......................................................................................................... 158 
5.3.1. Farmer characteristics ........................................................................... 158 
IV 
 
5.3.2. Summary of farm enterprises ................................................................. 159 
5.3.3. Reproductive performance and associated variables ............................ 161 
5.3.4. Responses to reproductive knowledge questions and associated variables
 ......................................................................................................................... 163 
5.4. Discussion .................................................................................................... 168 
Chapter 6. General discussion ............................................................................ 178 
6.1. Introduction .................................................................................................. 178 
6.2. Overview of research approach and findings ............................................... 179 
6.3. Improving the understanding of smallholder bovid reproductive management
 ............................................................................................................................ 186 
6.4. Contextual limitations to the research work and results ............................... 189 
6.5. Further considerations for improving reproductive interventions in Laos ..... 192 
6.5.1. Building local extension staff capacity on reproductive management .... 193 
6.5.2. Considerations for integrating practical reproductive interventions ........ 194 
6.5.3. The importance of peer-learning to empower farmers ........................... 197 
6.6. Conclusions ................................................................................................. 198 
References ............................................................................................................ 199 
 
 
 
 V 
 
Declaration of Authorship 
I declare that this thesis is the original work of the author and contains no material 
which to a substantial extent has been presented for the award of any other degree in 
any University or educational institution, except where due acknowledgement is made 
in the thesis. All contributions made to this thesis by research colleagues with whom I 
have worked with during my candidature are acknowledged. 
 
Luisa Olmo 
Bachelor of Animal and Veterinary Bioscience (Hons I), The University of Sydney 
January 2020 
 
 VI 
 
Acknowledgements 
I am incredibly grateful to have had the opportunity to undertake this PhD in the field 
of international agricultural research for development. It has been the greatest 
privilege to live and conduct research in Lao People’s Democratic Republic, converse 
with livestock keepers, work alongside cheerful staff and experienced in-country 
leaders, attend meetings and international conferences, and be mentored by fine 
researchers and project leaders. 
For this, I am thankful to The Sydney School of Veterinary Science, University of 
Sydney, the Department of Livestock and Fisheries, Laos, The College of Veterinary 
Medicine and Life Sciences, City University of Hong Kong, and our funding body, The 
Australian Centre for International Agricultural Research (ACIAR) for their generous 
support which made this opportunity possible. 
In particular, I thank my primary supervisor Associate Professor Russell Bush and co-
supervisor Associate Professor Peter Thomson for their gentle guidance, personal 
support and friendship. I also thank Emeritus Professor Peter Windsor and Professor 
Michael Reichel for their expert knowledge and advice in the field of smallholder cattle 
and buffalo reproductive health and management which was instrumental in the design 
and development of my research work. Lastly, I would like to thank Professor Lester 
Burgess for his valuable mentoring and who was essential in connecting me with fellow 
researchers and livestock keepers in Laos and whose approach to development 
research is exemplary.  
The field work would not have been possible without the advice of Dr Syseng Khounsy 
and Dr Sonevilay Nampanya, or half as enjoyable without Miss Phaivanh, Mr Phoud, 
 VII 
 
and Mr Kong from Luang Prabang and Miss Kaisone from Savannakhet. I’ve relished 
in the friendship and shared many ridiculous experiences with our project officers and 
fellow PhD Candidates: Dr Jim Young and Dr Izz MacPhillamy and project team 
members and fellow PhD students Dr Katherine Ashley and Nicola Calvani.  
Finally, I thank my wonderfully dysfunctional family: my two older sisters Maybellen 
and Lucia, my beloved nephew Dakhar, my wise mother Jian-Ting, and my father 
Pedro Olmo. You are the underlying motivators of all I embark on in life. I also thank 
my dear friends, self-named The Benzene Ring, who without I could not have 
navigated through undergraduate of life thus far.  
I look forward to using the skills developed during this thesis to make contributions to 
science that are thoughtful and sustainable, but not before watching re-runs of Oprah 
and Judge Judy and completing a 1000-piece puzzle.  
 
 
 VIII 
 
Summary 
Lao People’s Democratic Republic (Laos) is a low-middle income country located in 
Southeast Asia land-locked by Thailand, Vietnam, China, Myanmar and Cambodia. 
Laos operates primarily as an agricultural society with smallholder farming the main 
livelihood for over 70% of the population, whilst mining and hydropower are of 
increasing national importance. Smallholder farms are critical to national food security, 
predominantly growing rice and other crops, with cattle and buffalo traditionally kept 
as secondary enterprises providing draught power, manure and transport. Although 
embodied by traditional practices, smallholder production has begun to integrate 
mechanised tractors and respond to escalating beef prices associated with the 
growing demand for animal sourced protein (ASP) in developing countries. As a result, 
bovids are increasingly viewed as distinct beef commodities as opposed to secondary 
enterprises. This is evidenced by an increase in livestock vaccination adoption from 
36-48% of farmers in 1999 to 56-60% in 2011 and the average herd size increasing 
from 5-10 cattle and/or buffalo to approximately 10-15. 
The increased demand for beef and beef products offers smallholders an opportunity 
to diversify and increase their income, with beef sales constituting the largest 
proportion of farm income with a mean of 26-33% in 2018. However, smallholder beef 
production in Laos is traditionally low-input and inefficient. Cattle and buffalo subsist 
on low-quality and increasingly scarce, native grass from the roadside, communal and 
forested land. Year-round undernutrition combined with increasing livestock trade 
renders these animals highly susceptible to transboundary animal diseases (TADs) 
such as foot-and-mouth disease (FMD) and haemorrhagic septicaemia (HS). While 
improved husbandry practices such as growing and feeding high quality, adapted 
 IX 
 
forages and vaccinating against FMD and HS have improved animal value in some 
areas, persisting low large ruminant reproductive performance is inhibiting smallholder 
farmers from fully accessing the benefits of expanding markets for beef, efficiently 
using their resources and contributing to regional food security.  
In low-input farming systems in Laos, constraints to reproductive efficiency are 
resulting in extended mean intercalving-intervals (ICIs) of 14-20 months in cattle and 
19-26 months in buffalo; delayed age of first calving at 3 years in cattle and 3-4.5 years 
in buffalo, and high calf morbidity and mortality at 42.6% and 37.3% annually. While 
TADs and scarce livestock nutrition are the main identified constraints that are 
gradually being addressed, potential constraints to reproductive management such as 
Toxocara vitulorum associated calf death; infectious disease associated reproductive 
loss; and techniques to enhance reproductive efficiency are yet to be investigated. To 
improve the understanding of these factors affecting reproductive efficiency, this thesis 
aimed to report on a variety of research activities conducted in collaboration with the 
University of Sydney and Department of Livestock and Fisheries, Laos.  
Serological investigations of stored and fresh bovid serum utilising commercially-
available enzyme-linked immunosorbent assay (ELISA) kits provided the first analyses 
of exposure to Neospora caninum, bovine viral diarrhoea virus (BVDV) and Leptospira 
interrogans serovar Hardjo and an update of Brucella abortus within cattle and buffalo 
in Laos. High buffalo exposure to N. caninum at 68.9% (95% CI 57.3-80.5), cattle 
exposure to L. interrogans serovar Hardjo at 22.2% (95% CI 13.6-30.8) and BVDV at 
10.0% (95% CI 3.8-16.2) prompted further screening and associations to risk factors 
to be conducted. Based on analysis of 75 household surveys and 520 additional sera 
samples assayed, recommendations to reduce the risk of exposure for cattle and 
 X 
 
buffalo include preventing the common occurrence of village dogs consuming bovid 
placental membranes for N. caninum, disinfecting water troughs for L. interrogans 
serovar Hardjo, and forage growing to avoid dry-season common-grazing for BVDV. 
Due to vaccination against these pathogens not being widely available, the 
dissemination and adoption of preventative strategies will assist smallholders to 
protect their animals against exposure to pathogens potentially causing reproductive 
loss in bovids and provides a baseline for future diagnostic investigations.  
To address low calf survival associated with T. vitulorum infection and low adoption of 
available orally-administered anthelmintics, three field trials were analysed to assess 
the effects of an alternative, easy-to-use anthelmintic treatment in the form of 
fenbendazole molasses blocks (FMB). Farmers providing FMB or unmedicated 
molasses blocks (MB) to cattle calves less than 4 months of age under normal 
management conditions resulted in calves with increased growth and lowered faecal 
egg burdens over 48-56 days. Specifically, FMB and MB calves displayed average 
daily gains 10-60 g higher than control calves and faecal egg count reductions of 1-
3% per day relative to control calves. This baseline evidence supports further research 
to optimise block formulations, especially for buffalo where improvements were less 
distinct. As farmers reported willingness to purchase the FMB and MB to improve herd 
management and health on their farms, this technology has potential to improve T. 
vitulorum control in endemic areas and improve constrained reproductive efficiency in 
cattle and buffalo. 
Finally, in order to direct and prioritise strategies to enhance bovid reproductive 
efficiency in Laos, an assessment of knowledge-based and practical interventions on 
reproductive performance was deemed essential. In conjunction with a program 
 XI 
 
implementing interventions to enhance bovid nutrition, health and reproductive 
efficiency, baseline (n = 637) and end-point (n = 226) knowledge, attitudes and 
practices surveys were conducted in 2015 and 2018 respectively. Factors associated 
with increased household calf output and improved farmer knowledge on bovid 
reproduction were considered as recommendations. Hence, increasing the amount of 
land dedicated to growing improved forages, enhancing farmer market participation, 
selling infertile cows (not just because they are sick), improving oestrus and pregnancy 
detection; isolating sick animals on farm and culling sick animals off farm were 
identified as the salient outcomes of current intervention programs affecting 
reproductive performance. 
The identification of interventions improving reproductive performance, a potential 
treatment for T. vitulorum, and risk factors for abortifacient pathogen exposure 
provides essential information needed for enhancing reproductive efficiency in cattle 
and buffalo in Laos. To promote the integration of these findings, future research and 
development projects should consider further capacity building at the extension-level. 
Enhancing technical reproductive knowledge may require customising reproductive 
training material by integrating recommendations from this thesis and gaining 
feedback from extension workers. This may enhance the likelihood of sustainable 
improvements to bovid reproductive efficiency in Laos leading to improved rural 
livelihoods and regional food security.
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Chapter 1. Literature Review: Considerations for improving reproductive 
efficiency on smallholder cattle and buffalo farms in Lao PDR 
1.1. Importance of enhancing large ruminant reproductive efficiency  
Achieving global food security is a major challenge, particularly in developing countries 
where agricultural productivity will need to increase by 70% by 2050 to satisfy 
population growth and requirements for human nutrition (FAO 2011). Smallholder 
farmers are central to food systems in many countries including Lao People’s 
Democratic Republic (Laos) where they produce up to 90% of national livestock 
products, constitute 75% of households, contribute 20% to gross domestic product 
and represent 73% of the workforce (Stür et al. 2002; Agricultural Census Office Lao 
PDR 2012; CIA 2018). Hence, developing efficient and resilient smallholder production 
systems is an essential component to delivering food security and sustaining 
livelihoods at the household and country-level.  
Enhancing smallholder beef supply is an important component of food security with 
beef consumption in East Asia and the pacific projected to increase by 130% from 
2000-2030, and 187% in Laos alone (FAO 2011). The increasing regional red meat 
demand has also led to rapid development in cattle and buffalo liveweight prices which 
were at an all-time high of USD5200-5400 per tonne in 2013 (FAOstat 2015). This has 
strong implications on Lao smallholders who rely on large ruminant revenue for up to 
50% of household income, averaging USD225-621 per household in 2012 (Nampanya 
et al. 2014c). Hence, the development of efficient smallholder beef production has 
valuable applications in improving food security, rural income and livelihoods required 
to progress Laos out of low-middle income status (World Bank 2011).  
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Additional applications include addressing human nutrition deficits. In 2017, Laos was 
ranked 91st out of 119 countries in the Global Hunger Index (Grebmer et al. 2017), 
with 36% of children under the age of five suffering from chronic malnutrition (WFP 
2019). This is associated with the lack of diversity in many rural diets, mainly consisting 
of rice with chili and occasionally some vegetables and fish (Miyoshi et al. 2005). When 
dietary quality is poor, increasing the intake of animal sourced protein (ASP) can 
greatly enhance human nutrition (Lindsay 2003). Currently, consumption of ASP in 
Laos is the second lowest in Southeast Asia, comprising only 207 kilocalories per 
person per day compared to the global average of 496 (FAO 2012). As increasing 
income generating activities related to ASP is often associated with increased 
household nutritional variety (Christian et al. 2012), it is likely that smallholder 
involvement in efficient livestock production combined with nutritional education 
programs, will improve nutritional access across people of all ages in Laos, especially 
children.  
Conversion of smallholder farms to semi-commercial enterprises may also offer family 
members an alternative to out-migration to neighbouring countries for employment 
(Andriesse and Phommalath 2013), thereby retaining family household structures. 
Additionally, interventions to improve bovid reproductive efficiency such as reducing 
animal mortality, optimising age at slaughter, genetic selection, improving animal 
health and increasing milk yield can offset livestock emission intensity (Gerber et al. 
2013; Salmon et al. 2017). While these potential benefits should be closely monitored 
and assessed, the potential indirect social and environmental benefits are additional 
incentives to promote the adoption of livestock best-practices in Laos.  
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However, a major constraint to developing efficient smallholder beef production is the 
low reproductive performance of large ruminants. Currently in Laos, bovids experience 
extended inter-calving intervals (ICI) estimated at 14-20 months in cattle and 19-26 
months in buffalo (Nampanya et al. 2014b; Matsumoto et al. 2017), delayed age at 
first calving (AFC) at 3 years in cattle and 4.5 years in buffalo (Stür et al. 2002; Rast 
et al. 2014), and 37.3% of calves succumbing to mortality annually (Rast et al. 2013b). 
The resulting inability to satisfy demand is causing provincial and local deficits 
resulting in inter-provincial bans on trade (Smith et al. 2015), and government support 
for commercial businesses that raise imported cattle which may displace smallholders 
(Souphonphacdy et al. 2012). To secure market access, research and development 
support is needed to assist smallholder farmers’ transition to efficient small 
businesses.  
Current interventions targeting nutrition and infectious disease have not resulted in 
improved reproductive efficiency in Laos (Nampanya et al. 2014b). This suggests that 
a greater understanding of reproductive management and associated constraints are 
required to direct and prioritise future interventions. An in-depth review of current 
reproductive practices, outputs and constraints within smallholder farming systems 
was deemed essential for the country’s public livestock veterinary services. This 
operates under the responsibility of the Department of Livestock and Fisheries (DLF) 
within the Ministry of Agriculture, Forestry and Fisheries (MAFF). The DLF provides 
technical advice to the provincial and district Agricultural and Forestry Offices (PAFO 
and DAFO) who then provide veterinary services to smallholders through para-
veterinarians, mostly referred to as Village Veterinary Workers (VVW) in Laos. The 
DLF is a collaborator with the University of Sydney on the ‘Development of a biosecure 
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market-driven beef production system in Lao PDR’ project and the ‘Enhancing 
transboundary livestock disease risk management in Lao PDR’ project funded by the 
Australian Centre for International Agricultural Research (ACIAR). This review aims to 
improve the understanding of current reproductive management and constraints to 
facilitate implementation of potential interventions by these departments to improve 
smallholder productivity in Laos. 
1.1.1. Overview of large ruminants in smallholder farms in Laos  
Indigenous cattle and Asian water buffalo traditionally supported rice cultivation 
through draught power and manure production, only being sold when unfit for these 
duties or when cash was needed. This is due to crop production remaining the main 
enterprise on smallholder farms. This structure provides rice for household 
consumption, petty income, and consumes substantial family labour (Bell and Seng 
2003; Millar and Photakoun 2008). Although large ruminants are increasingly viewed 
as a distinct beef enterprise, they remain reliant on limited and nutrient-poor native 
grass and rice straw within smallholder farming systems contributing to their low 
reproductive performance. 
1.1.2. Geography, topography and climate 
Laos is a landlocked country located in the Greater Mekong sub-region (GMS) of 
Southeast Asia encapsulated by China, Vietnam, Cambodia, Thailand and Myanmar 
(Figure 1.1). The lowlands (including hilly mountains, plateaus and river plains) 
comprise Central and Southern Laos while the forested mountainous uplands 
comprise most regions of Northern Laos (ADRC 2003; Wilson 2007). The tropical 
climate of the GMS has two distinct seasons; the wet season occurring from May to 
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November and the dry season occurring from December to April (ADRC 2003). 
Average temperatures reach their lowest in the early dry season at ~20°C and their 
highest in the early wet season at ~30°C (Table 1.1). With average monthly rainfall 
exceeding 150 mm for half the year (Table 1.1), rain fed rice production is common. 
Subject to regional variability, paddy ploughing occurs in May, seedling transplantation 
in June, harvesting in October and large ruminant common-grazing of post-harvest 
fields thereafter (Kosaka et al. 2006) 
 
Figure 1.1. Map of Lao PDR with provinces and districts involved in the ‘Development 
of a market-driven biosecure beef production system in Lao PDR’ project highlighted 
(ACIAR 2015) 
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Table 1.1. Average monthly temperature, rainfall and humidity in Lao PDR 
Month Temperature (°C) a 
(Minimum-Maximum)  
Rainfall (mm) b Humidity (%) a 
January 21 (15-28) 20 70 
February 24 (18-29) 20 68 
March 27 (21-32) 40 66 
April 28 (24-33) 87 69 
May 28 (24-32) 188 77 
June 28 (24-31) 251 82 
July 27 (19-30) 284 83 
August 27 (24-30) 339 85 
September 27 (23-30) 253 84 
October 26 (22-30) 148 80 
November 23 (19-28) 80 75 
December 21 (16-26) 32 73 
a Meteorological Organization Standard Normals 1961-1990 (UNdata 2018)  
b Climate Change knowledge Portal 1901-2015 (World Bank 2016) 
 
 
The diverse topography of Laos has influenced agricultural enterprises and 
productivity. In the uplands, the mountainous terrain has elevations exceeding 1000 m 
(ADRC 2003), resulting in difficulties in establishing infrastructure and thereby 
reducing development (Stür et al. 2002). Soils are poor across Laos with monsoon 
rainfall leaching nutrients from the percolated sandy soils, with the uplands having 
particularly poor non-alluvial soils (ADRC 2003; Bell and Seng 2003; Seng et al. 2004). 
In contrast, the lowlands have increased agricultural infrastructure, including 
manmade embankments, irrigation channels, and fertile soil in some areas (ADRC 
2003). This results in higher rice productivity in the lowlands with 714 000 ha of wet 
season rice grown compared to only 215 000 ha grown in the uplands (Agricultural 
Census Office Lao PDR 2012). While the lowlands are better equipped to produce 
rice, non-rice crops have become increasing prevalent in the North. 
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Both upland and lowland regions have devoted increasing agricultural land to non-rice 
crops in the past decade. The most important being: maize, rubber, coffee, cassava, 
bananas, sesame, groundnut, cardamom, sugarcane and tobacco (Agricultural 
Census Office Lao PDR 2012). Northern Laos grows most of the maize and rubber 
with 134 500 ha and 66 500 ha dedicated to each in 2011, respectively. Despite 
Northern Laos diverting considerable land to cash crops, cultivation intensity remains 
higher in the lowlands with 99% of arable land utilised in Vientiane and Champasack 
(both lowland) compared to only 59% in Luang Prabang (upland) in 2011 (Agricultural 
Census Office Lao PDR 2012). With increasing synthetic fertiliser use in the North 
(42% of farmers in 2011) (Agricultural Census Office Lao PDR 2012), crop 
intensification is likely to increase in the coming years. 
1.1.3. Role of large ruminants 
Water buffalo (Bubalus bubalis) (also called swamp buffalo) (Figure 1.2) have been 
traditionally utilised in Southeast Asia for their large frame and strength as a source of 
draught power, manure, as exchangeable assets and financial safety nets (Devendra 
2007; Millar and Photakoun 2008). However, buffalo have been rapidly emancipated 
from these duties since the introduction of mechanised tractors, with 61% of 
households using a two-wheel tractor in 2011 (Agricultural Census Office Lao PDR 
2012). Only 36% of households used buffalo for draught in 2011 which was mainly in 
the remote North (Agricultural Census Office Lao PDR 2012). As a result, national 
buffalo numbers have declined with the Lao Census of Agriculture suggesting a 
decrease of 21.9% from 992 000 in 1999 to 774 000 in 2011 (Agricultural Census 
Office Lao PDR 2012; Nampanya et al. 2014a).  
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Figure 1.2. Asian water buffalo (Bubalus bubalis) (left) and native Laotian Yellow cattle 
(Bos indicus) (right) photographed in Laos (L Olmo, February 2018) 
 
Lao cattle are a small framed, nondescript Bos indicus breed referred to as the native 
Laotian Yellow cattle (Figure 1.2). They are also integral to smallholder systems for 
manure production and asset storage although are typically too small for draught 
duties. Cattle have become increasingly valued for smallholder income (Stür et al. 
2002) growing from 944 000 head in 1999 to 1.6 million in 2011 (69.5% increase) 
(Agricultural Census Office Lao PDR 2012). The growing preference for cattle is likely 
due to emerging perceptions that buffalo meat is inferior to cattle, poor reproductive 
performance of buffalo, and a lack of attention from policy makers (Nanda and Nakao 
2003). Regardless, both cattle and buffalo remain the most valuable household assets 
with potential to become a distinctive beef enterprise with improved efficiency, value 
and quality.  
Goats, pigs, chickens and ducks are also kept in various combinations and make a 
smaller but important contribution as household assets and are more commonly 
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consumed by households relative to cattle and buffalo (Castella et al. 2013). However, 
there is a high prevalence of pig diseases in Laos including: erysipelas, classical swine 
fever, porcine reproductive and respiratory syndrome, and foot-and-mouth disease 
(FMD) (serotype O and Asia 1) (Holt et al. 2019). This has reduced the viability of 
smallholder pig production contributing to stagnating pig numbers of 1 036 000 head 
in 1999 to 978 000 head in 2011 (5.6% decrease) (Agricultural Census Office Lao 
PDR 2012). The viability of pigs has been further constrained by the spread of African 
Swine Fever to Laos in mid-2019 (OIE 2019), a highly infections, often fatal disease 
with no vaccine currently available (Normile 2019). In contrast, goat populations have 
increased rapidly from 94 000 head in 1999 to 216 000 head in 2011 (129.8% 
increase) associated with an emerging export market to Vietnam and China (Windsor 
et al. 2018b). However, issues with FMD, Orf virus and endoparasitism persist and 
can cause severe mortality, especially in commercial production systems (Windsor et 
al. 2017; Windsor et al. 2018b). Hence, although cattle and buffalo remain the highest 
value livestock species, goats, pigs, chickens and ducks require measures to improve 
productivity to collectively contribute to household income and food security in Laos. 
1.1.4. Large ruminant breeds and herd dynamics  
Herd and breed dynamics are reflective of the current status of reproductive 
performance in Laos. Large ruminants are raised in small herds of 5-15 head of cattle 
and/or buffalo (Nampanya et al. 2014b; Matsumoto et al. 2017; Windsor et al. 2018a) 
on small plots of approximately 2 ha (Agricultural Census Office Lao PDR 2012). The 
Laotian Yellow cattle are a small breed with an average mature body weight of 146-
215 kg (Young et al. 2013b; Nampanya et al. 2014b). No geographic breed variation 
has been quantified but farmers of the Hmong ethnic group in Xieng Khouang have 
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selected males for larger humps for festive bull fighting purposes (Porter et al. 2016), 
demonstrating capacity for breed improvement via bull selection. The Lao water 
buffalo is also an indigenous Laotian breed and has an average mature body weight 
of 300-350 kg (Nampanya et al. 2014b). Non-native breeds are rare, comprising less 
than 1% of the national cattle herd in 2011 (Agricultural Census Office Lao PDR 2012). 
However, non-native cattle from Thailand are increasingly being imported for breeding 
purposes (Smith et al. 2015), demonstrating gradual cattle breeding reform in Laos. 
Reproductive record keeping is absent on smallholder farms and the best estimates 
of national herd structure are from the National Agricultural Census conducted in 2011. 
The census reports that 60% of the national cattle herd are over two years of age, 
followed by 1-2 year old cattle (26%), and calves < 1 year old (13%) (Agricultural 
Census Office Lao PDR 2012). Buffalo are more mature, with 60% over three years 
of age and calves constituting only 7% of the herd (Agricultural Census Office Lao 
PDR 2012). The low proportion of cattle and buffalo calves in Laos compared to 
commercial systems in developed countries, where calves can constitute 20-30% of 
the national herd (AUSVET 2006), likely reflects the low calving rates and high calf 
mortality. Male large ruminants are mostly uncastrated and experience higher 
slaughter rates compared to females, resulting in male to female ratios of 1 : 3 in cattle 
and 1: 3.5 in buffalo (Agricultural Census Office Lao PDR 2012). Similarly, the much 
higher proportion of bulls compared to commercial systems where bulls constitute only 
2% of the national herd (AUSVET 2006), likely reflects retention of surplus bulls and 
prevents genetic selection. However, the proportion of bulls has decreased since 1999 
when they constituted 40% of the Lao cattle population (Agricultural Census Office 
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Lao PDR 2000), and demonstrates potential for continued improvements to large 
ruminant beef productivity.  
1.1.5. Nutritional availability for large ruminants  
Livestock nutrition is limited in Laos due to widespread reliance on low-quality native 
grass on owned, communal and forested land in the wet season and rice crop by-
products, namely rice straw and rice stubble in the dry season. In addition to being of 
low nutritional quality compared to improved tropical grasses and legumes (Table 1.2), 
naturally available nutrition is increasingly encroached upon by forest conservation 
zones and dry season cropping. Therefore, large ruminants are increasingly exposed 
to year-round under nutrition (Figure 1.3). The Lao government introduced the Land 
and Forest allocation policy (LFA) in the early 1990s to officially recognise civilian land 
rights and to distinguish forests from farming land (Fujita and Phanvilay 2008). The 
LFA was successful in reducing shifting cultivation practices in Northern Laos involving 
slash and burning of forests which decreased from 1.5 million ha to 652,429 ha from 
1993 to 1997 and assisted in reforestation (Thongmanivong and Fujita 2006). 
However, due to land rezoning occurring without adequate recognition of traditional 
land use practices (Fujita and Phanvilay 2008), communal and forested land for 
livestock grazing has largely reduced, constraining livestock nutrition.  
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Table 1.2. Estimated average metabolisable energy (ME) and crude protein (CP) 
of cattle and buffalo feed sources in smallholder farms in Lao PDR 
Feed type ME (MJ/kg DM) CP (%) Source 
Native grass  7-11 13.1 Aminah and Chen (1989) 
Samkol et al. (2015) 
Rice straw 4-6.5 2-6 Drake et al. (2002) 
Nour (2003) 
Improved grass a 7 15.9 Bush et al. (2014a) 
Improved legume 
b 
7.2 17.8 Bush et al. (2014a) 
ME: Metabolisable energy, CP: Crude protein 
a Brachiaria hybrid (Mulato II), b Stylosanthes guianensis (Stylo 184) 
 
 
In the uplands, three livestock grazing systems have evolved based on the varying 
land resources and exposure to modern practices (Nampanya et al. 2014b). In remote 
provinces where LFA is incomplete, farmers engage in extensive year-round free-
grazing in forest and communal land without any inputs such as shelter or mineral 
supplementation (Nampanya et al. 2014b). In contrast, in provinces where LFA is 
completed, farmers employ seasonal free-grazing, with livestock commonly grazing 
post-harvest rice and maize plots during the dry season (Nampanya et al. 2014b). In 
the wet season bovids are tethered and fed cut-and-carry native grasses collected by 
farmers (Nampanya et al. 2014b). The third system is seasonal free-grazing during 
the daytime with housing in the evening. Livestock are kept on communal land or plots 
growing forage and farmers with larger forage plots may undertake opportunistic 
fattening (Nampanya et al. 2014b). While the third system is not widely practiced, it 
demonstrates a strategy to overcome reduced land availability and improve livestock 
nutrition. 
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Figure 1.3. Native Laotian Yellow cattle (Bos indicus) foraging in post-harvest rice 
fields in Laos (L Olmo, February 2017) 
 
In lowland livestock systems, large ruminants graze forested areas in the wet season 
and post-harvest rice fields in the dry season (Stür et al. 2002). It is likely that the LFA 
plus increasing crop productivity (Kosaka et al. 2006) has also diminished nutritional 
availability in the lowlands. Large ruminants are likely increasingly tethered in both 
seasons to prevent damage to irrigated crops. This would increase household labour 
required to source scarce cut-and-carry grass to sustain animals. Hence, in both 
upland and lowland regions, limited nutrition availability is a growing constraint to the 
development of smallholder beef efficiency.  
An identified solution to overcome nutritional scarcity is the adoption of forage growing 
of adapted, improved grass and legumes. While practiced by < 2% of households in 
2011 (Agricultural Census Office Lao PDR 2012), adoption rates can be as high as 
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52% in villages where households receive knowledge and establishment support 
(Nampanya et al. 2010). Successful forage adoption can also facilitate large ruminant 
fattening to improve animal value. Adult large ruminants with mean body condition 
score (BCS) of 2.3-2.7 fed 90% chopped leafy forage and 10% legumes at 12-15% of 
animal body weight per day during the wet season, increased average daily gains 
(ADG) to 320 g and 217 g in cattle and buffalo, respectively, compared to 40 g and 85 
g in free-grazing systems (Nampanya et al. 2014b). Additional benefits of forage 
growing include: reduced cost in buying feed and avoiding reliance on fluctuating grain 
prices; reduced human labour in sourcing local grass feed resulting in increased 
school attendance of children; increased income from livestock sales; and redirected 
time savings into other enterprises (Millar and Photakoun 2008). As overall uptake of 
forage growing remains low, further investigations are needed to better understand 
how government and development projects can facilitate adoption. 
1.1.6. Status of large ruminant reproductive efficiency and outcomes 
As reproductive breeding records are not kept by smallholders, the available indicators 
of reproductive efficiency are limited to estimated ICI, AFC and calving rate mainly 
from Northern Laos (Table 1.3). These indicators suggest that reproductive efficiency 
is constrained with average cattle ICIs ranging from 14-20 months, AFC is minimum 3 
years and calving rate ranges from 51-70% (Table 1.3). Of note, ICI and calving rate 
are likely to be under-estimates due to calculations excluding primiparous cows and 
assuming that all cows mate annually (Table 1.3). 
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Table 1.3. Available indicators of large ruminant reproductive efficiency in Lao PDR  
Species Unit Available 
data 
Region Source 
     Cattle ICI (months) a 13.6 - 15.6 North Nampanya et al. (2014b) 
 14.1 - 19.8 North  Matsumoto et al. (2017) 
AFC (years) b 3 Unspecified Stür et al. (2002) 
 3 North Rast et al. (2014) 
Calving rate c 
(%) 
51 - 75 North Nampanya et al. (2014b) 
53.9 - 75.4 North Matsumoto et al. (2017) 
70 Unspecified Stür et al. (2002) 
62 North Rast et al. (2014) 
     Buffalo ICI (months) a 18.6 - 20.6 North Nampanya et al. (2014b) 
 26 North Matsumoto et al. (2017) 
AFC (years) b 4.5 Unspecified Stür et al. (2002) 
 3 North Rast et al. (2014) 
Calving rate c 
(%) 
41 - 52 North Nampanya et al. (2014b) 
44.5 - 53.5 North Matsumoto et al. (2017) 
50 Unspecified Stür et al. (2002) 
40  North Rast et al. (2014) 
ICI, Inter-calving interval; AFC, Age at first calving 
a calculated as the average length of time between two successive calvings in cows 
enrolled in a longitudinal study conducted from 2008-11 
b the youngest AFC observed in a study period or anecdotal reports 
c calculated as the percentage of calves produced from the total number of females 
over 3 years of age based on the assumption that all cows are exposed to 
unrestricted breeding 
 
 
Guided by available indicators, reproductive performance of Laotian cattle is 
comparable to large-framed Bos indicus cattle reared in Southeast Asia. Thai 
Brahman cattle demonstrated average ICIs of 17 months and AFC at 3.5 years 
(Boonprong et al. 2008). In Northern Vietnam; Laisind (a composite breed of 
Vietnamese native Yellow cattle × Red Sindhi cattle, with a mature bull weight of 300–
450 kg), Brahman, and Droughtmaster cattle demonstrated average ICIs of 16, 18 and 
19 months, respectively, and AFC at 2-2.5, 2.5-3.5 and 2.5-3 years, respectively. 
Similarly, Cambodian native Yellow × Haryana crossbreeds yielded average ICIs of 
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19-21 months (Young et al. 2014b). In contrast, reproductive performance of Laotian 
cattle is inferior to other small-framed Bos indicus breeds reared in Southeast Asia. 
The Indonesian Bali cow (mature weight of 300 kg) has demonstrated average ICIs of 
14 months, AFC at 2.7 years, and a calving rate at 66% (Martojo 2012) and native 
Yellow cattle from Northwest Cambodia demonstrated ICIs estimated at 14 months 
(Serey et al. 2014). Similarly, the Vietnamese Yellow cattle and Yellow × Laisind 
crossbreeds have superior reproductive capacity with average ICIs of 14 months and 
AFC at 2.9 years in Northern Vietnam (Huyen et al. 2011). Although, in medium sized 
herds, Vietnamese Yellow cattle demonstrated longer ICIs of 17 months and AFC of 
3.3 years demonstrating the importance of management systems on reproductive 
efficiency (Huyen et al. 2011). The lower reproductive performance of Lao cattle 
suggests that they are mismanaged leading to reproductive outputs comparable to 
less environmentally adapted, larger breeds with higher nutritional requirements.  
Laotian buffalo are less reproductively efficient than cattle with average ICIs of 19-26 
months, AFC of 3-4.5 years and calving rates of 40-53.5%. Lower outputs are likely 
contributing to their declining population and popularity amongst smallholder farmers 
(Nanda and Nakao 2003). Hence, improvements are needed to enhance efficiency to 
levels observed in neighbouring Thailand where average ICIs of 16 months and AFC 
at 4 years have been reported in intensively managed water buffalo (Chaikhun et al. 
2012). However, post-partum Thai buffalo were mated 2 months post-calving when 
good oestrus detection and nutrition were employed (Yindee et al. 2011), suggesting 
that improved reproductive management will also improve reproductive efficiency in 
Lao buffalo. 
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1.2. Diseases potentially affecting large ruminant reproductive performance 
A plethora of infectious livestock diseases have the potential to compromise bovid 
reproduction. This can occur directly through abortifacient disease and calf mortality 
or indirectly through compromised weight, morbidity and mortality. A framework for 
disease control often exists if a disease is recognised as endemic or affecting trade, 
although local knowledge and compliance remains low. If not considered endemic, 
transmission is likely to remain high risk associated with unofficial trade, low village 
biosecurity and vaccine use. To improve reproductive efficiency, continued control and 
monitoring of infectious pathogens is required. 
1.2.1. Transboundary animal disease  
Transboundary animal diseases (TADs) are highly infectious diseases of economic, 
trade and food security importance that are spread easily across borders (Otte et al. 
2004). FMD and haemorrhagic septicaemia (HS) are the most common TADs endemic 
to Laos. They cause major productivity losses during epidemics with FMD morbidity 
rates in cattle and buffalo reaching > 90% and causing estimated 30% reductions in 
liveweight (Rast et al. 2010; Nampanya et al. 2013). HS is less contagious but more 
feared. While mortality rate is not quantified in Laos, 300 cattle and buffalo deaths 
resulting from a HS incursion in one province in 2009 was considered devastating 
(Nampanya et al. 2014a). With smallholder attitudes to FMD control significantly 
associated to bovid reproductive performance in Cambodia (Olmo et al. 2017), 
interventions to control TADs are likely required to improve reproductive efficiency in 
Laos. 
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Biosecurity and vaccination remain the main FMD mitigation methods because 
eradication procedures involving slaughtering of all infected animals is not socially or 
economically feasible in Laos (Rast et al. 2010). Adoption of vaccination is increasing 
gradually with 56-60% of farmers reporting vaccine use in cattle and buffalo in 2011 
(Agricultural Census Office Lao PDR 2012). However, immunisation of adequate 
proportions of livestock to attain herd immunity or vaccinating against the causative 
FMD serotypes remains problematic (Rast et al. 2010). Vaccinating only half the 
village is common because farmers exclude animals due to handling difficulties, 
unavailability due to draught commitments, pregnancy status (based on 
misconception that vaccines cause abortion), and to reduce costs (Kawasaki et al. 
2015). Subsequent infections are often blamed on ineffective vaccines prompting 
disengagement with control strategies. Disengagement is further exacerbated by the 
misunderstanding that vaccination, especially for FMD, will prevent infection. This 
demonstrates that developing village level biosecurity requires simultaneous farmer 
knowledge building interventions (Nampanya et al. 2010) to convey evidence 
supporting the need for high vaccination rates that will suppress clinical disease and 
limit outbreaks. A case study found that only 1% of large ruminants displayed clinical 
FMD during an epidemic in Laos in 2009 when 100% of the village large ruminants 
were vaccinated with a trivalent-inactivated vaccine containing the circulating 
serotypes, namely O, A and Asia 1 (Rast et al. 2010). Hence, further research is 
needed to understand how to motivate farmers to adopt routine vaccination for FMD 
and overcome resistance to correct vaccination use, if the effect of TADs on production 
is to be controlled. 
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Similarly, vaccinations are recommended to control HS and involve biannual 
administration of aluminium hydroxide gel adjuvant vaccinations in high risk areas, 
providing high immunity for 4-6 months post vaccination (Verma and Jaiswal 1998; 
Savoeurn et al. 2013). They are considered economical with a dose costing USD 0.15-
0.25 if purchased from government or private sources (Kawasaki et al. 2015). Due to 
the higher case fatality of HS, it is often considered the more important disease by 
farmers. Hence, it is potentially a valuable entry-point for introducing vaccination to 
farmers when promoting other management interventions to improve reproductive 
performance. Due to the high morbidity and mortality of FMD and HS respectively, 
improving village biosecurity is critical to enhancing large ruminant reproductive 
efficiency in Laos. 
1.2.2. Endemic internal parasites 
Tropical parasites also compromise livestock reproductive efficiency in Laos, with both 
Fasciola gigantica and Toxocara vitulorum considered endemic. F. gigantica or large 
liver fluke is a trematode that invades the liver of large ruminants after being consumed 
as metacercaeiae attached to aquatic herbage (CDC 2013). Prevalence is widespread 
with faecal sedimentation tests identifying eggs in 17.3% of cattle and buffalo from 
smallholder farms in Northern Laos (Rast et al. 2013a) and 11.6% of native cattle in a 
slaughter house in Central Laos in 2011 (Phomhaksa et al. 2012). Using indirect 
enzyme-linked immunosorbent assays (ELISA), 94.7% of cattle from Central Laos 
displayed F. gigantica antibodies (Phomhaksa et al. 2012), suggesting that infection 
is present in almost all cattle. This is likely to indirectly compromise reproductive 
efficiency through reduced live-weight. In a slaughter house study, liver damage was 
widespread, identified in 40.0% (n = 55) of cattle and 95.6% (n = 68) of buffalo and 
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was associated to decreased animal body condition (Rast et al. 2013a; Rast et al. 
2015). Hence, it is feasible that improved reproductive efficiency requires effective 
fasciolosis control.  
T. vitulorum is a gastrointestinal nematode where larvae are transferred to calves 
lactogenically, then mature and reside in the duodenum of the gastrointestinal tract 
(Starke-Buzetti 2006). This inhibits the passage of nutrients resulting in stunted 
growth, diarrhoea, constipation, and anorexia until calf immunity develops by ~8 
weeks of age and T. vitulorum infestations decline (Starke-Buzetti 2006). The parasite 
is endemic to Northern Laos, infecting 22.6% of cattle and buffalo calves and present 
in 76.8% of villages (Rast et al. 2013b). T. vitulorum directly reduces reproductive 
efficiency in Laos by increasing the likelihood of calf morbidity by 1.9 times and calf 
mortality by 2.6 times (Rast et al. 2014). This contributes to the high annual calf 
morbidity of 42.6% and annual calf mortality of 37.3% (Rast et al. 2013b).  
Anthelmintic control options for both F. gigantica and T. vitulorum are available in Laos 
although poorly adopted. Orally administered clorsulon (in Ivomec F) is available, 
although the preferred drug is triclabendazole (TBZ) as it treats both mature and 
immature infestations of F. gigantica (Copeman and Copland 2008). Trials have 
demonstrated that TBZ drench dosed at 24 mg/kg bodyweight or locally sourced 
TBZ/albendazole tablets both achieved > 90% reductions in F. gigantica faecal egg 
count (FEC) in cattle and buffalo 12 weeks after administration (Rast 2013). Similarly, 
orally administered pyrantel at 12.5 mg/kg bodyweight has > 97% efficacy against T. 
vitulorum eggs when administered to 10-16 day old calves (Roberts 1989b) and is 
affordable with a calf dose costing 0.25–0.37 USD (Rast et al. 2014). Despite the 
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availability of anthelmintics, routine treatments have not been widely adopted and 
bovid parasitism remains widespread (Rast et al. 2014). 
Low treatment rates for endoparasites is probably caused by low awareness, with 
93.1% (n = 326) of farmers from Northern Laos reporting that they had never heard of 
liver fluke (Rast et al. 2015). This was despite many farmers identifying leaf shaped 
worms in the livers of slaughtered animals consistent with infection (Rast et al. 2015). 
Similarly, 71.4% of farmers have reported that they were uncertain of the causes of 
calf illness on their farm and no farmers demonstrated a basic knowledge of the 
causes, effects or treatment of T. vitulorum (Rast et al. 2014). Low farmer awareness 
has been attributed to gaps in knowledge transfer between extension staff and 
smallholders (Rast et al. 2015). However, it is likely that a lack of facilities for routine 
treatments and farmer complacency are contributing to this issue, particularly as the 
improved productivity potential of cattle following treatment of chronic parasitic 
infestations and improved nutrition are poorly recognised in Laos. 
As smallholder farmers are generally more willing to adopt treatments when clinical 
impacts and subsequent improvements are immediately visible (Young et al. 2015), 
administering anthelmintic treatments via multi-nutrient blocks is gaining recognition 
as an easy-to-use alternative parasite treatment in Laos (Windsor et al. 2018a). 
Preliminary investigations have shown that TBZ administered through molasses 
blocks at 0.5 kg TBZ/tonne yielded > 90% reductions in F. gigantica FEC and 124 g 
ADGs by 12 weeks after block administration (Windsor et al. 2018a). While dosing and 
administration rate (blocks/animals) are still being optimised, non-medicated nutrient 
blocks containing urea may also prove valuable in boosting nutrition and improving the 
digestibility of low-quality roughages (Sanyal and Singh 1995b). Additionally, this 
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technology should be considered to control T. vitulorum as previous studies have 
demonstrated high efficacies of fenbendazole (FBZ) incorporated into urea molasses 
blocks against gastrointestinal nematodes in calves (Blagburn et al. 1987). While 
appropriate chemical control options are important considerations for controlling 
endemic parasitism, non-chemical approaches should be simultaneously advocated 
by extension staff. 
Non-chemical approaches to disrupting parasite transmission cycles have not been 
trialled in Laos. For F. gigantica these may include: drying post-harvest rice stalks; 
spelling of post-harvest rice fields; preventing animal consumption of stagnant 
metacercariae contaminated water and aquatic herbage; collection and storage of 
faeces; and cutting grasses 5 cm above water level (Suon et al. 2006; Young et al. 
2013a). For T. vitulorum, the regular removal of faeces from calving and housing areas 
is recommended to reduce the contamination of adults by calf faecal eggs. Trialling 
non-chemical approaches or integrating with appropriate chemical approaches may 
improve the overall effectiveness leading to enhanced farmer engagement with 
parasite knowledge, yielding more sustainable impacts. Finally, ongoing monitoring of 
emerging parasites is also important with paramphistomes, Fischoederius cobboldi 
and Paramphistomum epiclitum (Sanguankiat et al. 2016) among the recently 
identified parasites in markets in Laos. 
1.2.3. Emerging infectious abortifacient pathogens  
Studies on emerging infectious livestock diseases causing reproductive loss are 
limited in Laos. Available information indicates that antibodies against Leptospira are 
present in cattle, buffalo and humans, suggesting potential causes of reproductive 
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failure in livestock and zoonotic risks (Kawaguchi et al. 2008; Vongxay et al. 2012). 
The bacteria are typically contracted by livestock through abraded skin or mucous 
membranes exposed to water contaminated with urine-excreted leptospires from 
infected animals (Ellis 1994; Levett 2001). Leptospires can colonise the pregnant 
uterus resulting in foetal infection, abortion and leptospire excretion in uterine 
discharge and urine (Ellis 1994). Leptospira is considered endemic to Khammouane 
Province with a 2006 study identifying 23.9% seroprevalence in humans (Kawaguchi 
et al. 2008) with the main serogroups identified being; Panama, Autumnalis, 
Hebdomadis, and Icterohaemorrhagiae. Infection was linked to recent flooding 
(Kawaguchi et al. 2008), confirming the occupational risk of smallholders typically 
working in flooded rice fields where they may be exposed to urine or uterine discharge 
residues from livestock (Levett, 2001). 
Analysis of serum by ELISA in 2008 identified Leptospira seroprevalence at 6.0% in 
cattle which was higher than buffalo at 1.7% (Table 1.4). The serovar tested was 
potentially Icterohaemorrhagiae, suggesting that cattle are more susceptible to this 
serovar compared to buffalo, although the exact serovar assayed was ambiguous. As 
serovars tend to be species-specific (Ellis 1994), the analysis of a wider range of 
serotypes is required to determine whether other serovars are more widespread, 
especially in buffalo where their preference for swamp habitats is generally more 
conducive to Leptospira exposure (Figure 1.4) (Suwancharoen et al. 2013). Hence, 
future testing by the reference test: microscopic agglutination test (MAT) (OIE 2014), 
is needed to establish the circulating serovars of Leptospira in Laos. Whilst this is 
needed for vaccination administration as adaptive immunity is serovar specific with no 
cross-immunity (Lilenbaum and Martins 2014), until vaccination is more readily 
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available, the identification of risk factors of infection may be more practical to devise 
strategies to limit transmission. This is of increasing importance as the frequency of 
livestock trade increases from Thailand where seroprevalence is identified at 9.9-
28.1% in cattle (Suwancharoen et al. 2013; Chadsuthi et al. 2017). As the MAT is not 
readily available at the National Animal Health Laboratory, Laos, the use of ELISA kits 
prioritising serovar Hardjo is suggested due to the associations to bovid abortion 
(Prescott et al. 1988). As leptospirosis is likely an increasing risk, updated 
seroprevalence information is needed to establish whether further investigation and 
control interventions are needed to enhance reproductive efficiency in Laos.  
 
Table 1.4. Seroprevalence of emerging infectious pathogens in large ruminants in 
Lao PDR 
Pathogen Seroprevalence (%) Source 
 Buffalo Cattle  
Leptospira spp. 1.7 a 6.0 a Vongxay et al. (2012) 
Brucella abortus 0.3 
0 
0 
0.6 
Vongxay et al. (2012) 
Douangngeun et al. (2016) 
Taenia saginata 37.7 63.8 Vongxay et al. (2012) 
Mycobacterium bovis 
(Bovine tuberculosis) 
1.2 0.7 Vongxay et al. (2012) 
Coxiella burnetti  
(Q fever)  
2.7 
0 
1.3 
0 
Vongxay et al. (2012) 
Douangngeun et al. (2016) 
Bluetongue virus 95.4 97.0 Douangngeun et al. (2016) 
a Leptospira icterohaemorrhagiae serovar Hardjo bovis 
All prevalence identified through enzyme-linked immunosorbent assays 
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Figure 1.4. A herd of Asian water buffalo (Bubalus bubalis) in a swamp in the wet 
season in Laos (L Olmo, February 2018) 
 
Other emerging pathogens also remain potential risks to bovid reproduction in Laos. 
Two ELISA studies corroborated that Brucella spp. are either absent or present at very 
low seroprevalence in large ruminants in Laos (Table 1.4). This is informative given 
that brucellosis is a zoonotic disease typical in developing countries. Livestock are 
infected through ingestion of bacteria from late term aborted foetuses or foetal 
membranes, with subsequent infection of humans consuming unpasteurized milk or 
handling contaminated foetal carcasses or membranes (Glynn and Lynn 2008). As 
extensive management systems and a lack of dairy enterprise may be protective 
factors in Laos (Vongxay et al. 2012), the recent emergence of commercial dairy 
enterprises that import dairy breeds from endemic countries has increased the need 
for biosecurity and monitoring interventions. This will be essential to safeguarding 
reproductive efficiency of bovids. 
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Other pathogens such as Neospora caninum and bovine viral diarrhoea virus (BVDV) 
are potentially established in Laos but have not been investigated. Bovid N. caninum 
seroprevalence has been reported at 5.5% in Thailand and Vietnam and 17.2% in 
China where seropositive cattle were 1.3 times more likely to abort (Huong et al. 1998; 
Kyaw et al. 2004; Yu et al. 2007). Similarly, seroprevalence to BVDV has been 
detected at 24-52% in Thai cattle (Kampa et al. 2004; Kampa et al. 2011), was 
associated with extended ICIs and suspected to have been introduced from 
persistently infected (PI) imported dairy cattle. As Laos engages in official and 
unofficial livestock trade with these countries, disease transfer is likely and prompts 
investigations to understand and limit these risks.  
If reproductive diseases are present, large ruminant transmission is probably 
facilitated by practices conducted by smallholder farmers. Neosporosis is typically 
contracted in livestock through the ingestion of feed contaminated by oocysts of the 
apicomplexan parasite shed in canid faeces (Dubey et al. 2007). The pathogen can 
be maintained through maternal transfer of tachyzoites in utero in cattle and buffalo 
(Dijkstra et al. 2001; Rodrigues et al. 2005). Postnatal infection with oocysts from canid 
faeces can introduce or top-up infection, promoting parasite survival in herds (Dijkstra 
et al. 2001; Reichel et al. 2014). This has been suggested in Thailand where 
seropositive dairy herds were nine-times more likely to have seropositive dogs 
(Arunvipas et al. 2012). Hence, the widespread presence of semi-domesticated, free-
roaming canids (Inpankaew et al. 2014a) presents a possible scenario for disease 
propagation in Laos. 
For BVDV, pregnant dams most commonly become infected through ingestion of 
bodily fluids or inspiration of aerosols containing non-cytopathogenic (NCP) BVDV 
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shed by PI large ruminants (Lanyon et al. 2014). Calves infected transplacentally 
within the first trimester can gain immunotolerance, become PI and the main source 
of virus for herd transmission throughout their lifetime (Dow et al. 2015). Acute 
infection with NPC BVDV can result in transient viremia, usually clearing within 3 
weeks. Meanwhile, PI cattle can develop fatal mucosal disease from subsequent 
infection with a cytopathogenic (CP) biotype arising from mutations in their circulating 
NCP strain or transmitted from other PIs with the same homologous NCP BVDV 
isolate (Lanyon et al. 2014). It remains unknown whether CP biotypes have yet been 
introduced to Laos. Regardless, BVDV transmission is of high risk with pregnant 
females commonly traded in Laos (Nampanya et al. 2015; Matsumoto et al. 2017) and 
is the main means of spreading infection (Graham et al. 2013). However, due to the 
transient nature of acute infection, the small herd size of smallholder farmers is a likely 
protective factor, increasing the probability that the viral cycle is broken (Lindberg and 
Alenius 1999). Although, as herd sizes continue to increase and emerging commercial 
farms increase animal importations, the risks of BVDV transmission among other 
infectious bovine pathogens including: Taenia saginata; Mycobacterium bovis (Bovine 
Tuberculosis); Mycobacterium avium subsp. Paratuberculosis (Johne’s Disease); and 
Coxiella burnetti (Q fever) (Table 1.4) are likely to increase. Investigating prevalence, 
production effects and preventative strategies are needed to avoid the insurgence of 
pathogens that threaten efforts to enhance reproductive efficiency on smallholder 
farms. 
1.3. Constraints of current reproductive management  
Unrestricted breeding results in peak calving occurring at the onset of the dry season 
when animals are common-grazing in Laos. Unplanned calving when native grass 
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availability is low in addition to a lack of calf weaning places immense metabolic stress 
on dams. These factors likely result in extended post-partum anoestrus, contributing 
to low reproductive efficiency. The lack of post-calving selection for capacity to breed 
efficiently under the environmental stressors further contributes to reproductive 
inefficiency in Laos. 
1.3.1. Unrestricted breeding 
In Laos, large ruminant breeding is unrestricted because castration and sex 
segregation are not commonly practiced (Matsumoto et al. 2017). Only 3-22% of 
farmers participate in castration practices because most farmers believe castration 
reduces animal value (Matsumoto et al. 2017). As a result, heifers and dams conceive 
opportunistically, often when they are in low body condition, with males that are 
potentially closely related. The resulting unplanned calving period results in poor 
reproductive performance, particularly in younger females.  
Uncontrolled mating results in peak calving from October to December in cattle and 
no distinct breeding season for buffalo in Northern Laos (Matsumoto et al. 2017). The 
main cattle calving period results from mating occurring at the onset of the dry season 
(January to March). In this scenario it is likely that post-harvest common-grazing 
provides a rising plain of nutrition that initiates ovarian cycling compared to the wet 
season, when large ruminants are tethered. This contradicts a report from 2002, 
suggesting that peak joining occurs at the onset of the wet season (Stür et al. 2002) 
where large ruminants with access to communal and forested land receive a rising 
plane of nutrition from enhanced wet season pasture growth. However, due to the LFA 
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this is probably less common with the majority of calving now occurring at the onset of 
the dry season. 
When dams calve at the onset of the dry season on native grass without 
supplementation, the high energy demands of lactation quickly depletes dam body 
reserves resulting in reduced offspring growth and extended post-calving anoestrus 
(Dixon et al. 2011). Lactation is also probably extended because only 13.3 % of 
farmers (n = 60) wean calves in Northern Laos (Matsumoto et al. 2017). This is due to 
60–67% of farmers believing that weaning a calf before 6 months of age is bad for its 
health (Matsumoto et al. 2017). The implications on the dam is a post-calving negative 
energy balance leading to low BCS which can cause the formation of post-calving 
cystic ovarian dominant follicles (Diskin et al. 2003). It can also impair follicular 
sensitivity and reduce oestrogen production from dominant follicles, preventing 
ovulation and extending post-calving anoestrus (Spicer et al. 1990; Beam and Butler 
1999; Butler 2000). While information is limited in Laos, comparisons can be drawn to 
the neighbouring country of Cambodia where low lactational body condition scores 
were 1.4 units lower than average (1-4 scale) in native Yellow × Haryana crossbreeds 
in the dry season (Samkol et al. 2015). This reinforces the likelihood of metabolic strain 
post-calving. In addition, extended suckling stimulus from unweaned calves (Figure 
1.5) may also contribute to delayed return of oestrus by disrupting the resumption of 
ovarian activity (Abeygunawardena and Dematawewa 2004; Singh et al. 2006). The 
circumstances surrounding breeding in Laos strongly implicates uncontrolled mating 
and a lack of calf weaning as important causes of extended dry season lactation, 
lengthening post-calving anoestrus. This is particularly problematic in heifers as this 
cohort may be impregnated at the first opportunity, before they reach a body condition 
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of at least 2.5-3 (1-5 scale) to enable them to withstand the pressure of gestation 
(McConochie 2007). This can result in extended subsequent ICIs (Mukasa-Mugerwa 
1989) and may contribute to heifers being considerably less fertile than mature dams 
(Olmo et al. 2017).  
 
Figure 1.5. An unweaned calf suckling from a native Yellow cow (Bos indicus) in low 
body condition in Laos (L Olmo, November 2016) 
 
Based on anecdotal evidence, calving occurs mostly without human intervention, in 
nearby fields or forests. Dams often return to the homestead without a calf and farmers 
are unable to determine the reason. The management of placental membranes is not 
well documented but there is evidence that they can be retained for human 
consumption or sale (Figure 1.6). Alternatively, they are left for scavenging by canids 
and wildlife which can propagate livestock pathogens such as N. caninum (Almería 
2013). Additionally, the probable handling of placental membranes without gloves 
poses a zoonotic risk of contracting brucellosis (Glynn and Lynn 2008) and Q Fever. 
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Hence, a better understanding of practices associated with bovid calving is required 
to guide farmer training on the risks in handling and using placental material to improve 
health outcomes for humans and livestock. 
 
Figure 1.6. Bovid placental membranes served at a restaurant in rural Laos (L Olmo, 
February 2018) 
 
1.3.2. Post-calving selection, slaughter and sale 
The lack of selection of dams post-calving in Laos fails to redirect fertile dams for re-
conception, leading to a lost opportunity for enhancement of herd reproductive 
performance. Of concern are studies that found 54% of cattle and 60% of buffalo cows 
were pregnant at slaughter (Nampanya et al. 2015) and 7-13% of farmers knowingly 
sold pregnant females (n = 60) (Matsumoto et al. 2016). While it is possible that the 
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slaughter of pregnant dams is driven by the belief that bovid foetus is a culinary 
delicacy in Lao cuisine (Nampanya et al. 2015), this is likely to diminish long-term herd 
fertility if less fertile females are retained. It is also possible that for the majority of 
cases, the sale of these pregnant animals went unnoticed due to a lack of early 
pregnancy diagnostic capacities. Hence, in addition to educating farmers on the 
importance of purposeful post calving-selection for shorter ICIs, superior offspring 
growth, good mothering abilities, and environmental adaptation (McConochie 2007), 
farmers should also be educated on the use of BCS monitoring to detect the onset of 
oestrus and subsequently the absence of oestrus to diagnose pregnancy. Similar 
principles should be applied to the selection of bulls of superior productivity; there is 
minimal evidence that this currently occurs routinely.  
1.4. Opportunities to enhance reproductive management 
In addition to improving bovid nutrition and health, adoption of breeding management 
should be considered to enhance large ruminant reproductive efficiency in Laos. 
Suggested practices include joining cattle and buffalo in October to enable calving at 
the onset of the wet season when a rising plane of nutrition is likely, provided animals 
have access to vacant land or quality forages. This would also require selected 
breeding, facilitated by castration of surplus male calves to enable superior bulls to 
mate with females. Combining these strategies with early weaning may enable earlier 
return to oestrus, provided weaned calves are fed a high protein diet to promote 
growth. Bulls should be selected based on fitness and fertility to promote native breed 
improvement. The benefits on productivity and animal value may provide farmers with 
an alternative to the increasing popular cross-breeding with imported breeds, as these 
animals are often compromised by nutritional requirements that exceed current farmer 
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capacity to deliver. Trials with each and all of these potential interventions, combined 
with long-term adaptive support, are necessary steps to substantiate and direct 
recommendations to enhance reproductive management in Laos. 
1.4.1. Altering the breeding season 
Shifting the breeding period to match wet season forage with peak livestock energy 
requirements (lactation) has been recommended (Matsumoto et al. 2017), particularly 
where farmers have limited access to communal land or are experimenting with cross-
breeding. A joining period beginning in October is proposed to synchronise late 
gestation with the onset of the wet season where growth of vegetation is abundant. 
This may buffer late gestation metabolic stress and weight loss resulting from 
increased foetal glucose requirements and promote colostrum production (Rhind 
2004; Senger 2012). As nutritional requirements are lower at the beginning of 
gestation (Rhind 2004), coinciding this period with the onset of the dry season should 
not have adverse effects on foetal development. Subsequently, enhanced nutrition 
during lactation would allow dams to produce more milk and retain body condition, 
leading to improved calf growth and reduced post-partum anoestrus. The positive 
effects on ovarian cyclicity in low-input systems have been demonstrated with calving 
into the wet season being significantly associated with an increased likelihood of 
subsequent pregnancy in cattle (Kanuya et al. 2006). Similarly, in subtropical 
Mozambique, average ICIs were one month shorter (14 months) when calving 
occurred in the wet season compared to the dry season (15 months). However, 
variability was observed between years (Maciel et al. 2012). As long as nutrition is not 
constraining, buffalo should be capable of breeding throughout the year in tropical 
regions, despite being seasonal breeders (Perera 2011). Hence, trialling a controlled 
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calving period in both cattle and buffalo in Laos may determine the feasibility of shifting 
the calving season and whether there are tangible benefits on reproductive 
performance. This will also require smallholder knowledge and skill development 
regarding: segregating the sexes which requires fencing or tethering practices; 
adoption of forage growing technology; and advancements in oestrus detection and 
joining management. Effective farmer training programs would be necessary and 
should also promote record keeping and discourage inbreeding as this can decrease 
reproductive performance (Corrales et al. 2011). 
An alternative to shifting the breeding season is to simply enhance dry season 
nutrition. Interventions could include the growing of irrigated dry season forage crops 
and conserving wet season forage through the creation of silage. Studies could also 
trial partitioning urea through urea-molasses blocks at the onset of the dry season to 
improve the digestibility of post-harvest rice straw, with improved calf growth a likely 
benefit (Dixon et al. 2011). 
1.4.2. Bull selection and maintenance 
As bulls have the greatest effect on herd genetic improvement (Cumming 2006), 
extension programs should encourage farmers to start selecting fitter and more fertile 
native bulls for breeding instead of allowing unrestricted breeding (Wilson 2007). Bull 
selection is more widely practiced in Cambodia where bull studs are a distinguished 
farm enterprise with many smallholders paying a fee per conception with a selected 
bull (Sath et al. 2008; Serey et al. 2014). Although some farmers still select bulls based 
on calmer temperaments instead of body weight, siring ability or price, the simple 
practice of engaging in bull selection compared to unrestricted mating increased the 
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probability that cows gave birth by 11-fold, as reported in a longitudinal study 
conducted from 2008-2013 (Olmo et al. 2017). This demonstrates that introducing the 
concept of bull selection, when the alternative is unrestricted breeding, could have 
marked benefits on herd fertility in Laos. This will require extension workers and VVWs 
to endorse selecting bulls based on traits such as: large scrotal circumference; healthy 
appearance; physical soundness (overall and of external genitalia); superior mating 
and siring ability; good libido; and social dominance (Cumming 2006; McConochie 
2007). In a controlled breeding system where large ruminants are joined in October, 
wet season forage should also be diverted to selected bulls to achieve a BCS of at 
least 2.5 to withstand joining (Palmer 2016). Farmers may also need to divert wet 
season forage to adolescent bulls to bring forward the age of mating with an average 
of 2.7 years demonstrated in Yellow bulls in Vietnam (Huyen et al. 2010). As a starting 
point, extension workers should focus on educating farmers on the importance of bull 
selection for progressive breed improvement.  
1.4.3. Castration and weaning 
To assist in the transition toward bull selection and controlled breeding in Laos, the 
introduction of calf castration and weaning are potential strategies. Castration of 
surplus male calves allows farmers to select the best bulls for breeding and reduce 
inbreeding, while weaning can allow dams to recover body condition, hastening their 
return to oestrus. Coinciding weaning with castration at 7 months of age can improve 
calf nutrition, compensating for testosterone enhanced growth with comparable 
carcass weight, dressing percentages, and yield in certain cuts, as previously reported 
in New Zealand and Venezuela (Young and Bass 1984; Rodas-Gonzalez et al. 2015). 
Trialling these interventions is necessary to substantiate benefits needed to counteract 
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the current negative superstitions surrounding castration with 37-40% of surveyed 
farmers from Laos believing castration brought ‘bad karma’ (Matsumoto et al. 2017). 
Future trials may consider castrating calves at 4-6 months as castration age should 
not affect liveweight or carcass traits by slaughter in cattle (Brown et al. 2015). 
Castration by burdizzo clamp, a device that crushes the spermatic cord and scrotal 
tissue without penetrating the skin for one minute by an experienced VVW, is 
potentially the most convenient option to reduce infection risk and reduce costs 
(Martins et al. 2011). In the longer-term, surgical castration by well-trained VVWs with 
analgesia administered should not be ruled out. This is encouraged by pain relief 
options such as topical anaesthesia and antiseptic formulation (Tri-Solfen) recently 
being registered in Laos. At 4-6 months of age, calves should be separated well away 
from dams and placed into a pen outside of auditory, visual and smelling distance of 
dams, if available. As a highly palatable and nutritious diet of at least 14-16% CP is 
required for early weaned calves, plus molasses, salt and ad lib water (Rasby 2007), 
this intervention should only be recommended to interested farmers that demonstrate 
a capacity for high compliance. 
1.4.4. Cross-breeding  
Farmer interest in exotic bulls is increasing gradually in Laos with Australian Brahman 
bulls, Thai Red Brahman and Thai Red Sindhi among the recent imports (Wilson 2007; 
Porter et al. 2016). This is predominantly unofficial trade with Thai authorities 
stipulating that only cattle destined for slaughter are allowed for export to Laos (Smith 
et al. 2015). However, the demand continues to rise because cross-breeding cattle is 
attractive to smallholders (Figure 1.7) probably due to the high visibility of livelihood 
benefits from higher value offspring.  
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Figure 1.7. A smallholder farmer with a recently purchased Brahman × native Yellow 
bull in Laos (L Olmo, February 2018) 
 
However, development projects, extension workers and VVWs should suggest cross-
breeding with caution, stressing the importance of rudimentary reproductive, 
nutritional and animal health knowledge. Farmers are likely to lack the knowledge and 
resources to adequately feed bulls and provide health inputs. Additionally, the 
purchasing of one exotic bull that may service dams for several generations will result 
in inbreeding and lowered genetic diversity. Due to the high paternal influence on birth 
weight (Greenwood and Bell 2014), breeding exotic bulls with small framed indigenous 
cows presents significant risks of dystocia in Laos where the local veterinary services 
are not equipped to manage the considerable obstetrical issues that may arise from 
this practice. 
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Under harsh environment conditions with low inputs, indigenous animals perform 
better despite the increased production potential of introduced improved stock (Burrow 
2012; Martojo 2012). For example, native cows were found to be 6-times more likely 
to give birth compared to native Yellow × Haryana cross-breeds in neighbouring 
Cambodia (Olmo et al. 2017). They also have lowered carbon emission intensity and 
ecological footprints (Köhler-Rollefson et al. 2009; Salmon et al. 2017). Hence, 
assisting livestock keepers to add value to their adapted breeds is probably a more 
sustainable strategy for supporting rural livelihoods in Laos. 
1.5. Conclusion and aims of thesis 
Enhanced reproductive efficiency of large ruminants in smallholder farms is essential 
for the development of global food security and rural livelihoods in Laos. However, 
many constraints to enhancing reproductive performance exist, requiring research to 
improve the understanding of various issues. These include low livestock nutrition from 
an over-reliance on naturally available native grass, uncontrolled animal exposure to 
FMD, HS, fasciolosis, toxocariasis, emerging infectious abortifacient pathogens, and 
a lack of reproductive management. These underlying inhibitors constrain 
reproductive performance, preventing smallholders from achieving adequate beef 
production efficiency. 
The growing of improved tropical grasses and legumes, promoting village biosecurity 
through strategic vaccination against FMD and HS, and treating fasciolosis with TBZ 
delivered via molasses blocks, provide important strategies for addressing underlying 
constraints to reproductive efficiency. Their integration through intervention programs 
facilitating farmer adoption and engagement with relevant knowledge are likely to 
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improve reproductive efficiency in the longer-term. However, as reproductive 
efficiency remains stagnant despite the introduction of these strategies, further 
investigation on additional constraints is required.  
Hence, this thesis aims to enhance the understanding of bovid reproductive health by: 
1. Furthering the investigation of emerging infections pathogens potentially 
causing reproductive loss in bovids such as N. caninum, BVDV, L. interrogans 
serovar Hardjo, and Brucella abortus as a starting-point. 
2. Address excessive calf mortality associated with T. vitulorum by examining the 
efficacy of FBZ medicated molasses blocks based on the success of a similar 
treatment for fasciolosis in Laos.  
This review also describes potential constraints associated with unrestricted mating 
resulting in peak calving occurring at the onset of the dry season. To overcome these 
constraints longer-term strategies have been outlined to introduce controlled breeding 
to Laos. This requires upskilling farmers to: castrate surplus males, diagnose oestrus, 
select superior body conformation and adaptability among cows and bulls, wean 
calves before 6 months of age and feed a diet high in forage legumes to allow dams 
to recover body condition for accelerated re-conception, and identify, fatten and sell to 
slaughter infertile or surplus cows and bulls. Once farmers are equipped with these 
skills, cross-breeding with tropically adapted bovids may be appropriate to improve 
genetic potential, but not before. While these interventions provide useful longer-term 
direction, in the short-term an enhanced understanding of current interventions 
affecting reproductive are needed to direct resources and training. 
 40 
 
Hence, this thesis aimed to improve the understanding of current management and 
factors associated with reproductive performance in Laos by:  
3. Evaluating the effects of smallholder characteristics and farmer knowledge, 
attitudes and practices resulting from current interventions programs on bovid 
reproductive performance to inform and improve intervention strategies. 
The improved understanding of various factors related to bovid reproductive efficiency 
in Laos will likely lead to evidence-based and sustainable improvements needed to 
enhance regional food security and rural livelihoods. 
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Chapter 2. Investigation of infectious reproductive pathogens of large 
ruminants: Are neosporosis, brucellosis, leptospirosis and BVDV of relevance 
in Lao PDR? 
 
This chapter has been published: 
 
Abstract 
Neospora caninum, bovine viral diarrhoea virus, Brucella abortus and Leptospira 
interrogans serovar Hardjo are globally significant reproductive pathogens that cause 
abortion and reproductive loss in large ruminants. Prevalence information is lacking in 
Lao People’s Democratic Republic (Laos) despite the poor reproductive performance 
of cattle and buffalo. Serological examination of frozen cattle (n = 90) and buffalo (n = 
61) sera by commercially available enzyme-linked immunosorbent assays provided 
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the first reported screening of some of these pathogens in the Laos. Seroprevalence 
differed amongst these large ruminant species, with N. caninum, BVDV and L. 
interrogans serovar Hardjo antibodies found in 68.9 % (95% CI ± 11.6), 4.9% (95% CI 
± 5.4) and 3.3% (95% CI ± 4.5) of buffalo sera, respectively, and in 7.8% (95% CI ± 
5.5), 10.0% (95% CI ± 6.2) and 22.2% (95% CI ± 8.6) of cattle sera, respectively. 
Buffalo sera had a significantly higher seroprevalence of N. caninum compared to 
cattle (p < 0.001) and cattle sera had a significantly higher seroprevalence of L. 
interrogans serovar Hardjo compared to buffalo (p = 0.003). Variability was also 
observed across provinces for N. caninum in buffalo (p = 0.007) and for L. interrogans 
serovar Hardjo in cattle (p = 0.071), suggesting provincial risk factors conducive to 
pathogen transmission. BVDV and N. caninum seropositivity were negatively 
associated in buffalo (p = 0.018) and cattle (p = 0.003). In buffalo, L. interrogans 
serovar Hardjo and BVDV seropositivity were associated (p = 0.035, p = 0.039). The 
identification of antibodies against three major abortifacient pathogens in Laos 
prompts further research to determine if infection is associated with low reproductive 
efficiency and the risk factors for infection. This is needed for the development of 
evidence-based prevention strategies for improved large ruminant reproductive 
management among smallholders in Laos. 
Key words: Buffalo, cattle, biosecurity, reproductive health, smallholders, Laos 
2.1. Introduction 
Neosporosis, bovine viral diarrhoea, brucellosis and leptospirosis are globally 
significant diseases causing abortion and reproductive problems in large ruminants 
(Dubey et al. 2007; Neta et al. 2010; Lanyon et al. 2014; Lilenbaum and Martins 2014) 
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but information on these is lacking in Lao People’s Democratic Republic’s (herein 
Laos). The majority of livestock in Laos are kept by remote smallholders as assets in 
small herds of 5 to 10 cattle or buffalo or both per household (Nampanya et al. 2014b). 
They are maintained at a subsistence level where reproductive, nutritional or animal 
health management is almost completely lacking (Stür et al. 2002; Matsumoto et al. 
2017). It is suspected that abortion and reproductive problems are present in Lao large 
ruminants based on extended inter-calving intervals (ICIs) estimated at 14.6 months 
for cattle and 19.8 months for buffalo (Nampanya et al. 2014b). Farmers have also 
anecdotally reported that abortions, infertility and calf death occur sporadically and 
breeding records are not kept. Nutritional and animal health interventions implemented 
longitudinally have been unsuccessful in improving reproduction performance in Lao 
cattle and buffalo (Nampanya et al. 2014b). This supports the hypothesis that 
abortifacient diseases are contributing to low reproductive efficiency in smallholder 
large ruminants in Laos.  
N. caninum is an apicomplexan protozoan parasite that can cause neosporosis in 
cattle and buffalo who consume feed or water contaminated by oocysts shed in canine 
faeces (Dubey et al. 2007, Taylor et al. 2013). Pregnant females may infect offspring 
by transplacental transfer of N. caninum tachyzoites and canids become infected 
through consumption of bovine tissue containing N. caninum bradyzoites (Dubey et al. 
2007). This transmission cycle is feasible in Laos where canine consumption of 
aborted livestock foetuses and placental membranes has been anecdotally reported 
and semi-domesticated free-roaming dogs are widespread (Inpankaew et al. 2014a; 
Inpankaew et al. 2014b).  
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BVDV is a pestivirus of the Flaviviridae family where infection of first or second 
trimester pregnant females can occur by direct contact with bodily fluids of persistently 
or acutely infected large ruminants (Brownlie et al. 1989; Lanyon et al. 2014; 
Newcomer et al. 2014). Subsequent transplacental infection produces immunotolerant 
persistently infected (PI) calves who are the primary viral propagators (Dow et al. 
2015). With the recent emergence of large scale cattle enterprises with imported cattle 
combined with the fact that many smallholders engage heavily in the trade of pregnant 
females (Nampanya et al. 2014a; Matsumoto et al. 2017), the potential for disease 
impacts is anticipated.  
Leptospira and Brucella species are both bacterial zoonosis where disease eradication 
in humans is dependent on control and prevention in animals. Pathogenic leptospires 
shed in urine can chronically infect bovids by entering the skin through abrasions and 
mucous membranes. They colonise renal tubules and reproductive tracts leading to 
reproductive loss (Ellis et al. 1982; Levett 2001). Cattle are the maintenance host of 
serovar Hardjo (Ellis et al. 1981) which is the most common serovar of cattle and 
buffalo in West Malaysia and North Australia (Bahaman et al. 1987; Black et al. 2001) 
and can be the main serovar associated with bovine abortion (Prescott et al. 1988). 
Humans may be infected through exposure to urine excreted from livestock (Levett 
2001). This is a high occupational risk to Lao smallholders who reside in close 
proximity to livestock, work in flooded rice fields and live in flood prone regions (Seng 
et al. 2007). Antibodies against Leptospira icterohaemorrhagiae serovar Hardjo bovis 
were detected in 3.3% of cattle and buffalo in 2006 (Vongxay et al. 2012) but this 
research has not been progressed despite human leptospiral seroprevalence of 23.9% 
being detected in Central Laos in 2008 (Kawaguchi et al. 2008). 
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B. abortus is the most common species of Brucella causing brucellosis in cattle and 
buffalo (Neta et al. 2010). Ingestion of bacteria from late term aborted foetuses and 
fetal membranes is the most typical route of infection (Glynn and Lynn 2008). Humans 
may become infected through consumption of raw milk or exposure to contaminated 
carcasses. This is high risk in Laos where human consumption of bovid foetus is a 
delicacy in rural Lao diets (Nampanya et al. 2014a). There are no published 
investigations on human brucellosis from Laos although antibodies against B. abortus 
have been detected at low seroprevalence in cattle and buffalo in Northern Laos of 
0.2% in 2006 and 0.6% in 2015 (Vongxay et al. 2012; Douangngeun et al. 2016). 
In Laos, less than 60% of households engage in vaccinating (Agricultural Census 
Office Lao PDR 2012) despite efforts to control foot-and-mouth disease (FMD) in the 
region. Therefore, the conventional use of vaccines to control or eradicate BVDV, 
bovid leptospirosis and brucellosis (Kampa et al. 2004; Wang et al. 2007; Schatz and 
Hearnden 2008) may not be a viable option. Strategic vaccination of hotspot areas 
and developing simple biosecurity practices to break infectious cycles may be more 
realistic in the short-term and requires epidemiological investigations. 
It is suggested that current large ruminant reproductivity is inadequate in replenishing 
animal stocks at the current and growing rate of red meat demand in Asia (Smith et 
al. 2015). Combined with projections estimating that the Lao population will grow by 
50% by 2050 (FAOstat 2015), there are strong economic and food security incentives 
to enhance smallholder capacity to produce livestock efficiency. This study is aligned 
with a larger project ‘Development of a market-driven biosecure beef production 
system in Lao PDR’ (DBMDBP) which is funded by the Australian Centre for 
International Agricultural Research (ACIAR 2015). 
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2.2. Materials and methods  
2.2.1. Serum sample collection and availability  
The study used serum samples from a serum bank stored at the National Animal 
Health Laboratory (NAHL) in Vientiane, Laos. The samples were derived from FMD 
vaccine monitoring programs (VMP) and other studies related to smallholder cattle 
and buffalos (Vongxay et al. 2012; Nampanya et al. 2013; Sakamoto et al. 2016). 
Animals were vaccinated against FMD and were selected based on availability from 
smallholder farms in FMD hotspots. These areas had higher densities of livestock and 
were in closer proximity to roads which is reflective of cattle rearing areas in Laos. The 
ancillary information available per sample included; serum identities (ID), collection 
date, species (buffalo or cattle), village, district, province, gender and age. There was 
no information available on the reproductive history or management of the animals. 
An initial selection employed the following criteria: female gender, complete 
descriptive record and a collection date cut-off of ≥ 2013. After the initial selection 
process, a total pool of 630 female cattle and 154 female buffalo frozen serum samples 
were available to select from.  
2.2.2. Sample size and serum sample selection  
The selected sample size of 90 cattle and 60 buffalo serum samples used in this study 
was a compromise of the literature, sample size calculations using web-based tools 
and sample availability at the serum bank. Sample sizes used in published serological 
investigations on multiple diseases in both cattle and buffalo in Asia ranged from 10-
96 cattle samples and 40-105 buffalo (Yu et al. 2007; Konnai et al. 2008; Kengradomkij 
et al. 2015). Six available provinces were: Xayaboury (XB), Xieng Khoung (XK), 
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Savannakhet (SVK), Vientiane (VTE), Luang Prabang (LPB), and Luang Namtha (LN) 
(Figure 2.1). 
 
Figure 2.1. Map of provinces where cattle and buffalo serum samples were collected 
in Lao PDR 
 
Samples were randomly selected from the available pool of samples using 
proportionate stratified random selection at the province level to account for potential 
clustering based on assumptions of increased transmission homogeneity at the 
province level. In the case of serum unavailability, the next available sample from the 
same province was selected from a randomised list. Proportions of animals selected 
per province are presented in Table 2.1 and information on age is presented in Table 
2.3. Samples stored at -80°C were defrosted, 500 µL were pipetted into 1.5 mL 
transport tubes, stored in a chilled BioTherm15 IATA-Standard specimen container 
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and shipped via airfreight to the Veterinary Parasitology and Diagnostics Laboratory 
at the City University of Hong Kong, China, where the analysis was conducted.  
Table 2.1. Proportional stratified random sampling used to select cattle and buffalo 
serum samples from a serum bank in Lao PDR 
Province Nh Nh/N × 90 nh 
Cattle    
Xayaboury 124 18.9 19 
Xieng Khouang 85 13.0 13 
Vientiane 199 30.4 28 
Savannakhet 54 8.3 10 
Luang Namtha 105 16.0 16 
Luang Prabang 22 3.4 4 
Total (N) 589   
Buffalo  Nh/N × 61  
Xayaboury 46 19.0 20 
Xieng Khouang 41 17.0 18 
Vientiane 12 5.0 3 
Savannakhet 14 5.8 6 
Luang Namtha 22 9.1 10 
Luang Prabang 10 4.1 4 
Total (N) 145   
Nh, number of samples in each stratum; h, stratum; N, total samples in population; 
nh, the number of samples taken from stratum h 
 
 
2.2.3. Serological analysis 
Abortifacient pathogens were selected based on consultations with the Department 
of Livestock and Fisheries in Laos, and researchers from the City University of Hong 
Kong and University of Sydney, and were prioritised according to their presence in 
neighbouring countries and likelihood that unofficial trade in the region would allow 
incursion into Laos. A summary of ELISA kits used are presented in Table 2.2. All 
ELISAs were conducted in accordance with the manufacturer’s instructions and cut-
off recommendations. One exception was made for N. caninum IDEXX ELISA in 
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which a lowered sample to positive (S/P) ratio % cut-off of 21% was used instead of 
the manufacturer’s recommended S/P ratio % cut-off of 50%. The lowered cut-off 
has been shown to be approximately equivalent to an indirect fluorescent antibody 
test (IFAT) titre of 1:200 (Reichel and Pfeiffer 2002) and maximises the tests 
diagnostic sensitivity which was deemed appropriate for a sero-epidemiological 
study.  
Table 2.2. Enzyme-linked immunosorbent assay (ELISA) kits used for the determination 
of antibodies against Neospora caninum, bovine viral diarrhoea virus (BVDV), Leptospira 
interrogans serovar Hardjo (L. hardjo) and Brucella abortus and Brucella melitensis 
(Brucella) in cattle and buffalo sera from Lao PDR  
Pathogen ELISA Absorbance 
(nm) 
Calculating test Test cut-
off (%) 
N. caninum IDEXX Neospora 
X2 1 
620 
𝑆/𝑃 =
𝑆𝑎𝑚𝑝𝑙𝑒𝐴620 − 𝑁𝐶𝑥
¯
𝑃𝐶𝑥
¯
− 𝑁𝐶𝑥
¯  
≥ 21 
BVDV IDEXX BVDV Total 
Antibody Test Kit 2 
450 
𝑆/𝑃 =
𝑆𝑎𝑚𝑝𝑙𝑒𝐴450 − 𝑁𝐶𝑥
¯
𝑃𝐶𝑥
¯
− 𝑁𝐶𝑥
¯  
≥ 30 
L. hardjo PrioCHECK® L. 
hardjo Ab Test 3 
450 𝑃𝑃
=
𝑐𝑜𝑟𝑂𝐷450𝑡𝑒𝑠𝑡𝑠𝑎𝑚𝑝𝑙𝑒
𝑐𝑜𝑟𝑂𝐷450𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒𝑆𝑒𝑟𝑢𝑚1
 
> 45 
Brucella  IDEXX Brucellosis 
Antibody Test Kit 4 
450 
𝑆/𝑃 =
𝑆𝑎𝑚𝑝𝑙𝑒𝐴450 − 𝑁𝐶𝑥
¯
𝑃𝐶𝑥
¯
− 𝑁𝐶𝑥
¯  
> 120 
S/P, sample to positive ratio; PP, percentage positivity; nm, nanometers; 𝑁𝐶𝑥
¯
, negative 
control mean; 𝑃𝐶𝑥
¯
, positive control mean; OD, optical density; cor, corrected 
1 IDEXX Neospora X2 Ab test, Neospora caninum antibody test kit, IDEXX Laboratories, 
Westbrook, Maine, USA. 
2 IDEXX BVDV Total Ab test, bovine viral diarrhoea virus (BVDV) Antibody Test Kit, 
IDEXX Switzerland AG, Liebefeld-Bern, Switzerland 
3 PrioCHECK® L. hardjo Ab Test, Prionics AG, Schlieren-Zurich, Switzerland 
4 IDEXX Brucellosis Serum, Brucellosis Antibody Test Kit, IDEXX Laboratories, 
Westbrook, Main, USA 
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2.2.4. Statistical analysis 
Calculation of seroprevalence, confidence intervals (CI), and statistical analysis 
proceeded in R statistical software (R Core Team 2015). For species comparison, a 2 
× 2 contingency table comparing the probability of positive ‘1’ and negative or suspect 
‘0’ sera samples for both species was examined via a chi-squared test. Chi-squared 
tests were also carried out to compare the proportions of seropositive sera across 
provinces, age groups (≤ 1, 2-3, 4-5, ≥ 6 years), and seasons per species. When the 
assumptions for chi-squared tests were not met, a Fishers exact test was used. For 
Brucella, two sample t-tests and one-way analysis of variance (ANOVA) were used to 
assess differences in S/P ratio % means between species, provinces, age groups and 
seasons.  
Multivariable modelling proceeded with binary logistic regression whereby six models 
were developed to identify significant predictors of each disease per species. Available 
predictor variables included the collection season, collection year, village, district, 
province, animal age, the ELISA absorbance reading and S/P ratio % or percentage 
positivity (PP). Quantitative predictor variables were initially assessed for skewness to 
address potential influence of extreme values, whereby variables with a skewness 
value -2 < x < 2 underwent a log transformation which was retained if a notable 
reduction in skewness was observed in the histogram distribution. A correlation cut-
off of 0.65 was used for inclusion in candidate predictor set. Of correlated pairs, the 
variable with a smaller p-value in univariable analysis was included in the multivariable 
model. Additionally, predictors were not included if they had a p-value > 0.5 in the 
univariable analysis. Random effects of district and village were also included in 
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modelling to overcome over-dispersion caused by clustering. Backward elimination 
followed and ended when all predictors had a p-value of < 0.05. 
2.3. Results 
2.3.1. Neospora caninum antibody status 
Detailed seroprevalence for all diseases for both species are presented in Table 2.3. 
In summary, of the 61 buffalo serum samples and 90 cattle samples analysed, 42 
(68.9%) and seven samples (7.8%) were seropositive, respectively. Seroprevalence 
was considered significantly different between the species (p < 0.001) (Figure 2.3). 
The antibody S/P ratio % against N. caninum range was smaller in buffalo sera (-3.6-
114.5%) compared to cattle (-6.3- 161.1%) (Figure 2.2).  
In buffalo sera, all six provinces had seropositive samples. There were significant 
differences in seroprevalence between provinces (p < 0.007) with LP and VTE having 
100% seroprevalence while LN had the lowest at 30.0% (Figure 2.4). A higher 
proportion of positive sera was identified in samples collected in the wet season of 
79.3% (95% CI ± 10.2) compared to the dry season of 59.4% (95% CI ± 12.3) but this 
difference was not deemed statistically significant (p = 0.796). Seroprevalence was 
slightly lower in the oldest age group (≥ 6 years) with 50.0% (95% CI ± 12.5) of samples 
positive, but overall age differences were not considered significant (p = 0.346) (Table 
2.3).  
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Table 2.3. Detection of Neospora caninum, bovine viral diarrhoea virus (BVDV) and 
Leptospira interrogans serovar Hardjo (L. hardjo) antibodies in cattle and buffalo serum 
samples taken from the national serum bank in Lao PDR 
Characteristic n N. caninum 
No. of positives (% 
± 95% CI) 
BVDV 
No. of positives (% 
± 95% CI) 
L. hardjo 
No. of positives (%  
± 95% CI) 
Buffalo 61 42 (68.9 ± 11.6) 3 (4.9 ± 5.4) 2 (3.3 ± 4.5) 
     Province     
LN 10 3 (30.0 ± 11.5) 1 (10.0 ± 7.5) 1 (10.0 ± 7.5) 
LPB 4 4 (100.0 ± 0) 0 0 
SVK 6 5 (83.3 ± 9.4) 0 0 
VTE 3 3 (100.0 ± 0) 0 0 
XB 20 11 (55.0 ± 12.5) 2 (10.0 ± 7.5) 1 (5.0 ± 5.5) 
XK 18 16 (88.9 ± 7.9) 0 0 
     Season     
Wet 29 23 (79.3 ± 10.2) 2 (6.9 ± 6.4) 1 (3.4 ± 4.5) 
Dry 32 19 (59.4 ± 12.3) 1 (3.1 ± 4.3) 1 (3.1 ± 4.3) 
     Age (years)     
≤ 1 14 10 (71.4 ± 11.3) 1 (7.1 ± 6.4) 0 
2-3 19 15 (78.9 ± 10.2) 1 (5.3 ± 5.6) 0 
4-5 14 10 (71.4 ± 11.3) 0 1 (7.1 ± 6.4) 
≥ 6 14 7 (50.0 ± 12.5) 1 (14.3 ± 8.8) 1 (7.1 ± 6.4) 
     Year     
2013 29 20 (67.0 ± 11.8) 1 (3.4 ± 4.5) 1 (3.4 ± 4.5) 
2014 5 5 (100.0 ± 0) 0 0 
2015 21 12 (57.1 ± 12.4) 2 (9.5 ± 7.4) 1 (4.8 ± 5.4) 
2016 6 5 (83.3 ± 9.4) 0 0 
     
Cattle 90 7 (7.8 ± 5.5) 9 (10.0 ± 6.2) 20 (22.2 ± 8.6) 
      Province     
LN 16 1 (6.3 ± 5.0) 1 (6.3 ± 5.0) 4 (25.0 ± 8.9) 
LPB 4 0 0 1 (25.0 ± 8.9) 
SVK 10 0 0 2 (20.0 ± 8.3) 
VTE 28 3 (10.7 ± 6.4) 2 (7.2 ± 5.3) 11 (39.3 ± 10.1) 
XB 19 1 (5.3 ± 4.6) 4 (21.1 ± 8.4) 1 (5.3 ± 4.6) 
XK 13 2 (15.4 ± 7.5) 2 (15.4 ± 7.5) 1 (7.7 ± 5.5) 
     Season     
Wet 39 1 (2.6 ± 3.3) 5 (12.8 ± 6.9) 5 (12.8 ± 6.9) 
Dry 51 6 (11.7 ± 6.6) 4 (7.8 ± 5.5) 15 (29.4 ± 9.4) 
     Age (years)     
≤ 1 39 3 (7.7 ± 5.5) 5 (2.1 ± 3.0) 12 (30.8 ± 9.5) 
2-3 11 0 0 2 (18.2 ± 8.0) 
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4-5 29 3 (10.3 ± 6.3) 4 (3.5 ± 3.8) 3 (10.3 ± 6.3) 
≥ 6 11 1 (9.1 ± 5.9) 0 3 (27.3 ± 9.2) 
     Year     
2013 25 3 (12.0 ± 6.7) 2 (8.0 ± 5.6) 4 (16.0 ± 7.6) 
2014 33 3 (9.1 ± 5.9) 3 (9.1 ± 5.9) 12 (36.4 ± 9.9) 
2015 22 1 (4.5 ± 4.3) 4 (12.1 ± 6.7) 2 (9.1 ± 5.9) 
2016 10 0 0 2 (20.0 ± 8.3) 
n, sample size; Xayaboury, XB; Xieng Khoung, XK; Savannakhet, SVK; Vientiane, VTE; 
Luang Prabang, LPB; and Luang Namtha, LN 
 
 
 
 
Figure 2.2. Histograms of Neospora caninum titre level frequencies in serum 
samples from Lao PDR determined using IDEXX Neospora Ab ELISA from (a) 61 
buffalo (Bubalus bubalis) and (b) 90 cattle (Bos indicus). The dashed line indicates 
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the cut-off sample to positive (S/P) ratio of 21% 
 
 
Figure 2.3. Seroprevalence of antibodies against Neospora caninum and Leptospira 
interrogans serovar Hardjo (L. hardjo) in cattle (Bos indicus) and buffalo (Bubalus 
bubalis) in Lao PDR identified by the enzyme-linked immunosorbent assay technique 
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Figure 2.4. Seroprevalence of antibodies against Neospora caninum in buffalo 
(Bubalus bubalis) and Leptospira interrogans serovar Hardjo (L. hardjo) in cattle (Bos 
indicus) identified by the enzyme-linked immunosorbent assay technique in Luang 
Namtha (LN), Luang Prabang (LPB), Savannakhet (SVK), Vientiane (VTE), 
Xayaboury (XB), and Xiengkhoung (XK) provinces in Lao PDR 
 
Results from multivariable logistic modelling are presented in Figure 2.5. Increasing 
absorbance of BVDV titres was associated with decreasing log odds of N. caninum 
positive serum in buffalo (p = 0.018). Similarly in cattle, an increased log of BVDV S/P 
% was significantly associated with decreasing log odds of N. caninum positive cattle 
serum (p = 0.003). Buffalo and cattle N. caninum serostatus had a negative correlation 
to BVDV absorbance (r = - 0.47) and cattle N. caninum serostatus had a negative 
correlation to the log of BVDV S/P% (r = - 0.27). 
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Figure 2.5. Significant predictors of Neospora caninum, bovine viral diarrhoea virus 
(BVDV), Leptospira interrogans serovar Hardjo (L. hardjo) serostatus and Brucella 
sample to positive (S/P) ratio % in cattle and buffalo serum samples taken from the 
national serum bank in Lao PDR and analysed by indirect enzyme-linked 
immunosorbent assay  
Species N. caninum BVDV L. hardjo 
Buffalo BVDV absorbance 
p = 0.018 
b ± SE = -74.66 ± 31.11 
 
L. hardjo S/P 
p = 0.035 
b ± SE = 0.07 ± 0.02 
 
 
 
BVDV serostatus 
p = 0.039 
b ± SE = 3.35 ± 1.59 
 
 
Cattle Log BVDV S/P 
p = 0.003 
b ± SE = -4.61 ± 1.54 
 
 
* 
 
* 
* No significant predictors 
 
2.3.2. Bovine viral diarrhoea virus (BVDV) antibody status 
Of the 61 buffalo serum samples, three (4.9%) samples were seropositive to BVDV 
while 57 were seronegative (93.4%) and one serum sample was suspected of being 
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seronegative (86.7%) and three were suspected of being positive (3.3%). 
Seroprevalence was not significantly different between species (p = 0.362). 
Two provinces had BVDV seropositive buffalo serum and both provinces had a 
seroprevalence of 10.0%. Positive sera samples came from both seasons and all age 
groups except buffalo aged 4-5 years old. Cattle samples had a province-level 
seroprevalence of 66.6% (4/6). Seroprevalence was 5% higher in samples collected 
in the wet season but this was not deemed statistically significant (p = 0.409). Positive 
serum was only found in cattle in age groups ≤ 1 year or 4-5 years. 
L. interrogans serovar Hardjo S/P ratio % was a significant predictor of buffalo BVDV 
serostatus (p = 0.039) where increasing L. interrogans serovar Hardjo S/P ratio % was 
associated with increased log odds of BVDV seropositivity (Table 2.4).  
2.3.3. Brucella antibody status 
All buffalo and cattle serum samples were negative to brucellosis antibodies. For 
buffalo, the S/P ratio ranged from -1.2-48.9 % with a mean of 2.8% ± 7.8 while for 
cattle, the S/P ratio ranged from -1.0-73.7% with a mean of 3.4% ± 8.3. Cattle had a 
significantly higher mean S/P ratio % than buffalo (p < 0.044). 
2.3.4. Leptospira interrogans serovar Hardjo antibody status 
Only two (3.3%) of the 61 buffalo serum samples were seropositive for L. interrogans 
serovar Hardjo, while one sample was deemed inconclusive and 58 (95.1%) were 
seronegative. The two seropositive samples were aged four and six years old at the 
time of blood collection and were collected during the dry and wet season, 
respectively.  
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Cattle had a significantly higher L. interrogans serovar Hardjo seroprevalence than 
buffalo (p = 0.003) (Figure 2.3) with 20 (22.2%) out of 91 samples being seropositive 
while seven (7.8%) samples were deemed inconclusive and 63 (70.0%) samples were 
seronegative. Positive samples were identified in all six provinces and seroprevalence 
ranged from 5.3-39.3%. This variation was deemed suggestive of statistical 
significance (p = 0.071). Positive samples were found in all age groups and seasons.  
In buffalo, BVDV serostatus was a significant predictor of L. interrogans serovar Hardjo 
serostatus (p = 0.039) (Table 2.4) with a positive BVDV status being associated with 
a positive L. interrogans serovar Hardjo status. 
2.3.5. Co-infection 
Of the nine cattle positive to N. caninum, two were also infected with L. interrogans 
serovar Hardjo. Of the three buffalo positive to BVDV, one was also infected with L. 
interrogans serovar Hardjo.  
2.4. Discussion 
This study provides the first report of antibodies against N. caninum, BVDV and L. 
interrogans serovar Hardjo in cattle and buffalo in Northern and Central Laos. 
Significant differences in species infection indicate that buffalo are more susceptible 
to N. caninum (p < 0.001) compared to cattle, with the latter more susceptible to L. 
interrogans serovar Hardjo (p = 0.003). Co-housing of buffalo and cattle may facilitate 
inter-species transmission to the species more susceptible to clinical infection. There 
were differences in buffalo N. caninum (p = 0.007) and cattle L. interrogans serovar 
Hardjo (p = 0.071) seroprevalence between provinces. Increasing BVDV titres was 
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associated with decreasing odds of cattle and buffalo being infected with N. caninum 
(p = 0.003, p = 0.018, respectively). Meanwhile, increasing L. interrogans serovar 
Hardjo titres was linked to increasing odds of buffalo being infected with BVDV (p = 
0.035) and vice versa (p = 0.039). The association between infections and province 
variability may relate to the varying quality of farmer biosecurity practices or their 
proximity to animal trafficking routes. Further research is justified to deduce if 
reproductive disease is contributing to the low reproductive efficiency in Lao large 
ruminants and identify the risk practices associated with infection. This is required to 
develop biosecure smallholder reproductive management strategies. An additional 
finding was that the serum bank at NAHL can be used to expedite screening of novel 
infectious disease agents in Laos which reduced the costs, logistics, time and ethical 
constraints that can limit the progression of disease research in developing countries. 
However, as all tests currently used lack validation in the target species of Lao 
indigenous cattle or buffalo, and because the sample size was limited by constrained 
resources and sample availability, the study is relying on the robustness of kit 
manufacture. Hence, while the study provides a useful guide of recent bovid exposure 
to abortifacient pathogens in Laos, the accuracy of seroprevalence reported is 
uncertain and follow-up investigations should be pursued, informed by the findings of 
this preliminary investigation. 
N. caninum seroprevalence was high in female buffalo in Central and Northern Laos 
(68.9%) and was detected at a higher rate than global estimates (47.8%) (Reichel et 
al. 2015). It is possible that clinical neosporosis is present in Lao buffalo but has not 
been identified by farmers due to poor pregnancy monitoring, poor animal health 
reporting services and probable consumption of aborted foetuses by free-roaming 
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semi-domesticated dogs. Whilst it is generally recognised that buffalo are quite 
resilient to the clinical effects of N. caninum, experimental inoculation of buffalo with 
this pathogen has been shown to induce foetal loss (Konrad et al. 2012), seropositivity 
is associated with buffalo abortion history (Nasir et al. 2011), and congenitally infected 
buffalo foetuses demonstrate N. caninum DNA in brain tissue (Chryssafidis et al. 
2011). Aborted foetus retrieval for pathogen DNA isolation is complicated because 
farmers may consume aborted foetus or fail to detect them in Laos (Nampanya et al. 
2014a). Identification of farmers experiencing abortion followed by thorough 
consultation will be needed to facilitate tissue collection. An association study to link 
farmer confirmation of abortion history with farm serostatus may be a more 
immediately achievable approach to demonstrate disease impacts.  
The seroprevalence of N. caninum observed in cattle (7.8%) is similar to regional 
prevalence of 5.5% reported in dairy cattle in Southern Vietnam, 5.5% reported in 
Central Thailand, and lower than 17.2% reported in China (Huong et al. 1998; Kyaw 
et al. 2004; Yu et al. 2007). Despite the lowered infection rates compared to buffalo, 
cattle infection is more likely associated with clinical effects. Cattle seropositivity has 
been shown to increase the risk of abortion by 3.7 times in New Zealand breeding 
herds, 9.2 times in Japanese beef herds and 1.3 times in Chinese dairy cattle (Koiwai 
et al. 2006; Yu et al. 2007; Sanhueza et al. 2013). Similar to buffalo, further work is 
needed to access foetal tissue and perform DNA isolation to confirm clinical cases in 
Laos.  
This study also reveals that buffalo N. caninum seroprevalence is significantly higher 
than cattle seroprevalence in cohabiting Lao large ruminants (p < 0.001). This finding 
is consistent with ranches in Argentina where buffalo were 1.5-4.5 times more 
 61 
 
susceptible to infection than cohabiting cattle (Moore et al. 2014) and in Northern 
Australia where wild and domestic buffalo seroprevalence exceeded cattle by over 
50% (Neverauskas et al. 2015). This suggests that buffalo are the maintenance host 
for N. caninum in Laos and are potential pathogen reservoirs for cattle. The practice 
of co-rearing buffalo should be included in a risk factor study to determine if farmers 
should be tethering species separately in conjunction with other biosecurity practices.  
There is potentially a different species exposure risk to N. caninum in Laos facilitating 
higher buffalo infection rates. The practice of keeping higher value or draught buffalo 
closer to the homestead (Nampanya et al. 2013) may increase the contact with free-
roaming canids and thereby increase the risk of infection. Canine seroprevalence of 
7.0% has been detected in dairy herds in Western Thailand and positive cattle dairy 
herds were 9 times more likely to have seropositive dogs (Arunvipas et al. 2012). 
Canine infection investigations are lacking in Laos but are needed to confirm the role 
of canines in low density extensive beef herds, although considerations will have to be 
made to minimise rabies risks to researchers and staff. Additionally, vertical 
transmission is often the dominant bubaline infection route with congenital transfer 
rates of 74% and high neonate prevalence being previously reported in buffalo 
(Rodrigues et al. 2005; Nasir et al. 2011). High province-level seroprevalence (100%) 
combined with a lack of age association found in this study failed to incriminate either 
transmission route as the main source of infection and should be further examined by 
a risk factor investigation.  
Cattle L. interrogans serovar Hardjo seroprevalence of 22.2% found in this study is 
much higher than the previous report of 3.3% for Leptospira icterohaemorrhagiae 
serovar Hardjo bovis in Northern Laos in 2006 (Vongxay et al. 2012). It is possible that 
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infection risk is higher in FMD hotspot areas where samples were taken (Nampanya 
et al. 2013). However, the identified seroprevalence is similar to recent regional 
prevalence of serovar Hardjo of 34.0% reported in West Malaysia and 25.8% in east 
India (Bahaman et al. 1987; Behera et al. 2014). This may indicate that infection has 
increased due to trade in in Northwest Laos (Figure 2.1) which represents a major 
large ruminant transit route from the Greater Mekong Sub-region (including Malaysia, 
Myanmar, Bangladesh and India) via Laos to China. 
The significantly higher seroprevalence of L. interrogans serovar Hardjo in cattle 
compared to buffalo (p < 0.003) suggests that Hardjo is a main serovar of cattle who 
may be the maintenance host in Laos. However, buffalo seroprevalence is probably 
much higher than currently identified by the ELISA technique as the swampy 
environment preferred by water buffalo and the urine-oral route of infection is 
conducive to increased disease risk in bubalines (Levett 2001). Buffalo in Thailand are 
3.1 times more likely than cattle to be microscopic agglutination test (MAT)-
seropositive to leptospirosis, of which the main serovar was Mini (Suwancharoen et 
al. 2013). ELISA techniques were used due to the unavailability of the reference test 
MAT and are unable to identify predominant serovars. MATs are needed in future 
studies to correctly identify serovars per species, their associated risk factors and 
whether they are correlated with the main human serogroups in Laos; Panama, 
Autumnalis, Hebdomadis, and Icterohaemorrhagiae (Kawaguchi et al. 2008). 
Stratifying selection by province was an important design feature of the study as there 
was significant between-province variation. This may be linked to province location in 
relation to animal transit pathways as VTE had the highest seroprevalence for buffalo 
N. caninum and cattle L. interrogans serovar Hardjo, and is an area of high animal 
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transit caused by higher red meat demand (Smith et al. 2015). The same four 
provinces (LPB, SVK, VTE and XK) that were free from BVDV were also free from L. 
interrogans serovar Hardjo antibodies in buffalo suggesting disease incursion is again 
related to trade in Northwest Laos. This relationship was probably reflected in 
multivariable modelling where BVDV and L. interrogans serovar Hardjo titres were 
positively associated. Transboundary animal disease (TAD) risk remains high in Laos 
which is a landlocked country in Southeast Asia heavily engaged in transboundary 
large ruminant trade. FMD epidemics have been attributed to exposure gained during 
animal transit (Rast et al. 2010). Alternatively, the diseases may be immunologically 
linked as BVDV infection can cause immunosuppression resulting in reactivation of 
other latent diseases (Chase 2013). However, it is likely that unofficial transboundary 
trade and poor biosecurity practices remain the main current threats to biosecurity and 
animal health in Laos. Hence, co-infection may increase in importance in the future.  
Findings for brucellosis are similar to previous reports from Northern Laos (Vongxay 
et al. 2012) and probably reflect lowered exposure risk in extensive management 
systems with little occurrence of dairy. A potential reason for low BVDV 
seroprevalence is the small herd sizes favouring self-clearance by increasing the 
probability that the infectious cycle is broken (Lindberg and Alenius 1999; Graham et 
al. 2013). Similarly, leptospiral infection is higher in semi-intensive compared to 
smallholder farms (Bahaman et al. 1987; Behera et al. 2014). However, smallholders 
in the Mekong are on average starting to raise more cattle per household (Olmo et al. 
2017) and may increase the risk of future disease cases. Additionally, in a 
slaughterhouse survey in Laos, 54-60% of female cattle and buffalo carcasses were 
carrying foetuses and 7-13% of surveyed farmers reported knowingly selling pregnant 
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cows, although many probably unknowingly sell pregnant animals (Nampanya et al. 
2015; Matsumoto et al. 2017). The identification of BVDV antibodies in large ruminants 
highlights the risk of trading pregnant dams who are potentially carrying PI calves 
(Graham et al. 2013). Efforts should be directed towards improving pregnancy 
detection among farmers and abattoir workers and increasing rural biosecurity 
knowledge.  
There are many potential low-input measures to reduce the abortifacient infection risk 
that are not currently being practiced in Laos. They include: tethering buffalo out of 
proximity to cattle, protecting ruminant feed sources from canine and rodent faeces 
and urine, reducing pregnant female herd introductions, and preventing canine 
ingestion of aborted ruminant foetuses or afterbirth. This may require housing 
periparturient bovids and cleaning calving areas with disinfectant opposed to the 
current system of field calving. In the remote Lao village context where culling 
seropositive bovids and vaccinating may not be viable, the only control option is 
interrupting the pathogen transmission cycle. Therefore, a risk-factor investigation is 
necessary to confirm whether these risk mitigating practices are relevant to infection 
in Laos in order to develop appropriate biosecurity interventions. Improved record 
keeping of animal reproductive history, particularly regarding abortions and foetal 
death is also needed in Laos. Identifying the impact of disease on production will be a 
crucial tool to promote changed practices as farmers increasingly value cattle as their 
‘bank’ and may respond to these incentives.  
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2.5. Conclusions 
The presence of three major reproductive pathogens in cattle and buffalo identifies 
reproductive health as an important avenue for research that has not been previously 
considered in reproductive management investigations in Laos. Province, animal 
transit routes, corralling cattle and buffalo together, keeping buffalo near the 
household dwelling and a lack of consistent village biosecurity practices are suggested 
as important considerations for a future risk factor study. This will enable investigations 
prioritising the riskiest farm practices and infectious diseases of reproductive 
importance. While interventions to improve reproductive efficiency in smallholders 
quite appropriately focus on improving animal nutrition, management of TADs and 
parasites, and farmer husbandry, investigations into reproductive diseases are 
potentially important to ensure all the relevant constraints to large ruminant 
reproduction in Laos are addressed through the most appropriate interventions. 
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Chapter 3. Risk factors for Neospora caninum, bovine viral diarrhoea virus, 
and Leptospira interrogans serovar Hardjo infection in smallholder cattle and 
buffalo in Lao PDR 
 
This chapter has been published: 
 
 
Abstract 
Smallholder large ruminant production in Lao People’s Democratic Republic (Laos) is 
characterised by low reproductive efficiency. To determine if common abortifacient 
bovid infectious diseases are involved, a serological investigation was conducted. 
Sera was collected from stored and fresh cattle (n = 390) and buffalo (n = 130) samples 
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from 2016-18, and then examined for associations in a retrospective risk factor study 
of 71 herds. The sera were assayed for antibodies to Neospora caninum, bovine viral 
diarrhoea virus (BVDV), Leptospira interrogans serovar Hardjo and Brucella abortus 
using commercially available enzyme-linked immunosorbent assay kits. These 
pathogens were detected in buffalo samples at 78.5% (95% CI 71.4-85.6), 0%, 2.3% 
(95% CI 0-4.9) and 0%, respectively, and in cattle at 4.4% (95% CI 2.4-6.4), 7.7% 
(95% CI 3.1-12.3), 12.8% (95% CI 9.5-16.1) and 0.26% (95% CI 0-0.8), respectively. 
Exposure of buffalo to N. caninum was positively associated with buffalo age, with a 
predicted seropositivity at birth of 52.8%, increasing to 97.2% by 12 years of age (p = 
0.037). Exposure of cattle to L. interrogans serovar Hardjo was more prevalent in 
females compared to males, was associated with higher titres of BVDV, and was more 
prevalent in the wet season compared to the dry season. Exposure of cattle to BVDV 
was more prevalent in males compared to females, the wet and dry seasons were 
comparable, and was associated with rising antibody titres against N. caninum and L. 
interrogans serovar Hardjo. The risk factor survey identified that the probability of 
herds being N. caninum positive increased with farmer age, if farmers believed there 
were rodents on farm, and if farmers weren’t aware that canids or rodents could 
contaminate bovid feed on their farm. The probability of a herd being positive to L. 
interrogans serovar Hardjo increased on farms where multiple cows shared the same 
bull, where farmers had lower husbandry knowledge, and on farms that used water 
troughs. The probability of a herd being BVDV seropositive increased with increasing 
herd size and increasing titres to N. caninum. The benchmarking of bovid exposure to 
emerging abortifacient pathogens and identification of their risk factors potentially 
informs disease prevention strategies, supporting efforts to establish a biosecure beef 
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supply for enhanced smallholder livestock productivity, public health and food security 
in Laos and surrounding countries.  
3.1. Introduction 
Lao People’s Democratic Republic (Laos) is a low-middle income country of 
approximately 7 million people located in Southeast Asia (FAOstat 2015). Agriculture 
is the main source of employment and is essential to the livelihoods of approximately 
70% of the population (Agricultural Census Office Lao PDR 2012). Farms are 
predominantly smallholder, existing on mean plots of 2.1 ha which is mainly dedicated 
to cultivating rain-fed rice (Agricultural Census Office Lao PDR 2012). Herds of 5-10 
cattle and buffalo are integral to these holdings, traditionally used for draught power 
for ploughing paddy fields, but more recently as a household bank and increasingly as 
beef (Nampanya et al. 2014b). From 2000 to 2012, cattle and buffalo live-weight prices 
(USD/tonne) increased rapidly by more than 500% and 800%, respectively (FAOstat 
2015). With rising prices, interest in improving large ruminant productivity has been 
increasing and more recently, enhancing reproductive efficiency is achieving 
recognition as a valuable opportunity to raise smallholder incomes that may assist 
alleviate rural poverty. Of concern, village biosecurity is generally lacking and the 
increasing regional livestock trade remains poorly regulated, with ‘informal’ 
international trade persisting (Smith et al. 2015). As Laos is an important livestock 
trade thoroughfare in Southeast Asia, the risk of emerging and transboundary 
infectious diseases, and particularly foot-and-mouth disease (FMD), increases with 
the growth of regional livestock trade, threatening attempts to progress livestock 
productivity (Nampanya et al. 2014b). 
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Regionally prevalent large ruminant pathogens of reproductive importance include 
Neospora caninum, bovine viral diarrhoea virus (BVDV), Leptospira interrogans and 
Brucella abortus. All potentially cause lowered fertility, still birth, abortion and 
congenital malformations (Dubey et al. 2007; Neta et al. 2010; Sanhueza et al. 2013; 
Lanyon et al. 2014), and serological evidence of the first 3 of these pathogens was 
recently identified in Laos (Olmo et al. 2018). 
Cattle and buffalo are indirect hosts of the apicomplexan protozoan parasite N. 
caninum (Dubey et al. 2007). Livestock become infected by ingesting food and water 
contaminated by oocysts shed in faeces of the definitive canine host (King et al. 2011), 
while canids can become infected from consumption of bovid tissue containing 
bradyzoites (Dubey et al. 2007). Cows can transfer infection to offspring in utero 
resulting in reproductive failure (Bartley et al. 2012) which has an estimated global 
annual cost of USD 1.3 billion (Reichel et al. 2013). Exposure of buffalo to N. caninum 
at 68.9% (n = 61) was identified on preliminary screening in Laos and was significantly 
higher than co-reared cattle at 7.8% (n = 90) (Olmo et al. 2018). The high susceptibility 
of buffalo to N. caninum infection has been documented globally (Neverauskas et al. 
2015; Reichel et al. 2015). However, there is uncertainty if this represents inherent 
species susceptibility or species management issues or both (Reichel et al. 2015). 
Regardless, an understanding of the role of species-specific management, including 
whether buffalos being reared closer to the homestead increases their exposure to the 
faeces of village dogs (Nampanya et al. 2013), is required if village-level infection 
preventative strategies are to be applied in Laos and beyond. Currently, with all 4 
reproductive pathogens of interest, infection control by vaccination is not available in 
Laos due to both a lack of local availability (Nampanya et al. 2013) and absence of 
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farmer and animal health worker awareness of the presence of these pathogens. 
Therefore, an understanding of their risk factors specific to Lao smallholders is critical 
in developing knowledge-based infection preventative strategies involving 
management interventions, that can be disseminated locally by government extension 
staff. 
Bovine viral diarrhoea virus (BVDV) is a pestivirus of the Flaviviridae family that is 
transmitted through direct or venereal contact with an infected bovid (Lanyon et al. 
2014). Cows exposed during gestation can infect offspring in utero resulting in 
reproductive loss, congenital malformations or the birth of persistently infected (PI), 
immunotolerant calves that shed the virus for their lifetime (Grooms 2004). The low 
BVDV exposure rates in Laos of 4.9% in buffalo and 10% in cattle (Olmo et al. 2018) 
suggest that PI calves are not common. This may reflect the ability of small herds to 
break the viral cycle because acute infection is self-cleared before it is transmitted 
(Lindberg and Alenius 1999; Graham et al. 2013). However, as herd sizes and trade 
from endemic countries continues to increase, the risk of exposure to PI animals also 
increases (Stür et al. 2002; Agricultural Census Office Lao PDR 2012). Assessing the 
role of potential risk factors, including the trade of pregnant animals (Nampanya et al. 
2015), the sharing of bulls (Matsumoto et al. 2017), common-grazing (Nampanya et 
al. 2013) and the low levels of biosecurity, will be needed to develop infection and 
presumably, disease prevention strategies. 
Leptospires are bacteria shed in urine that can infect large ruminants through 
abrasions. They colonise the renal tubules, mammary glands, and reproductive tracts 
(Ellis 1994) leading to infertility and abortion (Lilenbaum and Martins 2014). 
Leptospires survive well in warm/humid conditions (Levett 2001) and water-borne 
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transmission may facilitate spread to naïve herds in flood-prone regions common in 
tropical countries. In Laos, antibodies against Leptospira were detected in 6.0% and 
1.7% of cattle and buffalo, respectively, in 2012 (Vongxay et al. 2012) and Leptospira 
interrogans serovar Hardjo was detected at 22.2% and 3.3% in 2017, respectively. As 
exposure has appeared to have increased from 2012-2017 and seroprevalence 
differed significantly between regions (Olmo et al. 2018), a better understanding of 
factors conducive to transmission are needed to limit spread of the infections and 
potential for disease in Laos. 
Leptospirosis is an important zoonotic disease and Leptospira antibodies were 
detected in 23.9% of participants in a human sero-survey from Central Laos in 2008 
(Kawaguchi et al. 2008). As smallholder households are at high occupational risk of 
infection, usually residing in close proximity to their livestock and working in flooded 
rice fields fertilised by bovid manure (Seng et al. 2007), research is needed to develop 
strategies to limit the presence of infection in livestock to reduce human health risks.  
Another abortifacient and zoonotic pathogen of interest in Laos is Brucella abortus, 
typically infecting cattle through ingestion of bacteria from foetal fluids and placental 
membranes (Glynn and Lynn 2008). Humans are usually accidental hosts, becoming 
infected from consuming unpasteurised milk, from handling infected animals (Neta et 
al. 2010), or from accidental self-administration of live (Strain 19) vaccines, resulting 
in a range of acute (Undulant Fever) to chronic illnesses, or miscarriage in pregnant 
women (Roushan et al. 2011). Three studies conducted from 2012-2017 have 
established that antibodies to Brucella spp. are absent in Lao bovids (Vongxay et al. 
2012; Douangngeun et al. 2016; Olmo et al. 2018). However, the risk of incursion 
remains high due to unofficial livestock importations from endemic countries (Smith et 
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al. 2015), particularly to establish intensive dairy enterprises. As dairy consumption is 
increasing rapidly in Laos (FAO 2011), monitoring for the introduction of B. abortus is 
of increasing concern for human health.  
Bovid abortion has not been previously quantified in Laos, although low reproductive 
efficiency observed (Nampanya et al. 2014b) and anecdotal reports of bovid abortion 
(Olmo et al. 2018) suggest it is a potentially important yet a largely unrecognised 
constraint to livestock production. The high rates of exposure to abortifacient 
pathogens suggests the likelihood that unreported reproductive disease contributes to 
reproductive loss and the observed low levels of bovid reproductive efficiency. 
Numerous studies have shown that positive sero-status for N. caninum in cattle and 
buffalo is generally linked to increased rates of abortion (Koiwai et al. 2006; Yu et al. 
2007; Nasir et al. 2011; Sanhueza et al. 2013). To assist in developing species-specific 
prevention strategies for infectious causes of abortion in Laos, we assessed the 
seroprevalence of these pathogens in a larger sample of bovids than the preliminary 
screening (Olmo et al. 2018) and identified potential risk factors associated with 
exposure.  
3.2. Materials and Methods 
3.2.1. Ethics statement 
The methodologies used in this study complied with the National Health and Medical 
Research Council’s National Statement on Ethical Conduct in Human Research 
(2007) and the Universities Australia Australian Code for the Responsible Conduct of 
Research. Animal and human ethics approval was obtained from the University of 
Sydney Ethics Committee (project no. 2015/765 and 2014/783, respectively). This 
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included approval of the verbal consent procedure where collection of animal blood 
samples and farmer interviews only proceeded if farmers verbally consented which 
was recorded on a list. Written consent was not possible due to many farmers being 
illiterate in Lao language due to varying ethnolinguistic groups and education.  
3.2.2. Serum sample collection 
Frozen serum samples were collected from cattle and buffalo > 6 months of age, 
stored at the National Animal Health Laboratory (NAHL), Vientiane (n = 473). These 
frozen samples were originally derived from the ‘NZ OIE DLF FMD Control Project’ 
(OIE-DLF) (Dacre and Vink 2017) and were collected from October-November of 2016 
(n = 235), and a University of Sydney project entitled; ‘Enhancing transboundary 
livestock disease risk management in Lao PDR’ (ETLDRM) (ACIAR 2016) collected 
from May-June of 2017. These projects selected large ruminants from smallholder 
farms accessible by road and were known by local agricultural officers, which is 
generally reflective of cattle and buffalo rearing in Laos, excluding particularly remote 
households which are potentially more disadvantaged. Samples were taken from 5 
agriculturally-significant provinces of Bokeo (BK), Luang Prabang (LPB), Vientiane 
(VTE), Xieng Khoung (XK), and Xayabouli (XB). A summary of sample origin is 
presented (Table 3.1) demonstrating that buffalo samples were not available from VTE 
and BK, partially due to the declining national buffalo population.  
Due to the tests used lacking validation in the target species of Lao indigenous cattle 
or buffalo, sensitivity (Se) and specificity (Sp) were based on studies on cattle and 
buffalo from other countries to calculate sample size. For the IDEXX Neospora X2, 
IDEXX BVDV Total Antibody Test Kit, PrioCHECK® L. hardjo Ab Test and IDEXX 
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Brucellosis Antibody Test Kits (Table 3.2), the Se and Sp used were: 0.79 and 0.92 
(Reichel and Pfeiffer 2002), 1 and 0.95 (Hanon et al. 2017), 0.93 and 0.87 (Dongo 
2015), and 0.99 and 0.99 (Tabatabaeizadeh et al. 2011), respectively. The assumed 
true seroprevalence used was the seroprevlance reported in preliminary screening in 
Laos (Olmo et al. 2018). This resulted in sample size calculations ranging from: 61-
748 in cattle and 212-360 in buffalo at a desired precision of 0.05 and confidence level 
of 0.95. To approach the sample size calculated from online epidemiological tools, an 
additional 47 fresh samples were collected from a buffalo dairy and associated villages 
in Luang Prabang in February 2018. The collection of another 50 buffalo samples were 
intended but did not eventuate due to limited numbers of buffalo on participating farms 
and advice from government authorities not to excessively inconvenience farmers. 
From these attempts and availability at NAHL, 390 cattle samples and 130 buffalo 
samples were achieved. 
Data were recorded for each serum sample and included: sex, species (cattle/buffalo), 
farm and village species (cattle, buffalo or both), source of sample (ETLDRM, OIE-
DLF, buffalo dairy), province, district, village, season (wet/dry), animal age group (≤ 1, 
2-3, 4-5, ≥ 6 years old), and body condition score (BCS; thin, medium and fat). 
Samples collected from the dairy and associated villages were by jugular 
venepuncture in February 2018. These samples were centrifuged on the same day as 
collection for 5 minutes, transferred to transport tubes and stored at -80°C until 
international transfer. Samples taken from frozen sera stored at the NAHL were 
defrosted and transferred to transport tubes. Sera were transported from Laos to the 
Veterinary Diagnostic Laboratory (VDL) at the City University of Hong Kong, stored in 
chilled BioTherm IATA-Standard specimen containers.  
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Table 3.1. Summary of cattle and buffalo serum sample locations from a 
serological study conducted in Lao PDR in 2018 
Province District Village n cattle n buffalo N 
OIE-DLF samples 
Bokeo  Houay Xay Don Pau 20 - 
 
Pak Tha Huy Khot 16 -  
  Hoy Sak 20 - 56 
Luang 
Prabang  
Luang Prabang Long Lun - 20 
 
Pak Ou Somsanouk 19 1 
 
 
Hardkor 19 1 60 
Vientiane 
  
Vang Veing Phatang 20 - 
 
 
Nathong 20 - 
 
 
Namouang 20 - 60 
Xieng 
Khoung  
Bpae Nam Ka 16 4 
 
Pek Tha 14 6 
 
 
Bua Kob 20 - 60 
Xayabouli 
  
Hongsa Phonxay 15 5 
 
 
Siboun Huan 20 - 
 
Phiang Nong Ngoua 16 3 59 
ETLDRM samples 
Luang 
Prabang 
Pak Ou Hardkor 3 17  
Hardkam 4 16  
Phonhom 20 - 60 
Xieng 
Khoung 
Phou Kout Naxaythong 18 2  
Laethong 16 4  
Bong 15 4 59 
Xayabouli Phiang Naboum 20 -  
Phonsavang 19 -  
Nong Houng 20 - 59 
Buffalo dairy 
Luang 
Prabang 
Luang Prabang  Khok Man - 4  
Luang Prabang - 1  
Thinkeo - 14  
Phabat - 2  
MK - 3  
PikYai - 18  
College - 1  
Maung Khav - 4 47 
n: no. of samples; N: total no. of samples; ETLDRM: Enhancing transboundary 
livestock disease risk management in Lao PDR project; OIE-DLF: NZ OIE DLF 
FMD Control Project 
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3.2.3. Serological analysis 
Commercially-available enzyme-linked immunosorbent assay (ELISA) kits were used 
in accordance with the manufacturer’s instructions and cut-off recommendations 
(Table 3.2). An exception was made for the N. caninum IDEXX ELISA with a lower 
sample to positive (S/P) ratio cut-off of 21% (manufacturer’s recommended S/P ratio 
cut-off of 50%) to maximise the diagnostic sensitivity of an approximate equivalence 
to an indirect fluorescent antibody test (IFAT) titre of 1:200 (Reichel and Pfeiffer 2002). 
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Table 3.2.Enzyme-linked immunosorbent assay (ELISA) kits used for the 
determination of antibodies against Neospora caninum, bovine viral diarrhoea virus 
(BVDV), Leptospira interrogans serovar Hardjo (L. hardjo) and Brucella abortus in 
cattle and buffalo sera from Lao PDR 
Pathogen ELISA OD 
(nm) 
Calculating test Test cut-
off (%) 
N. 
caninum 
IDEXX Neospora 
X2 a 
620 
𝑆/𝑃 =
𝑆𝑎𝑚𝑝𝑙𝑒𝐴620 − 𝑁𝐶𝑥
¯
𝑃𝐶𝑥
¯
− 𝑁𝐶𝑥
¯  
≥ 21 
BVDV IDEXX BVDV Total 
Antibody Test Kit b 
450 
𝑆/𝑃 =
𝑆𝑎𝑚𝑝𝑙𝑒𝐴450 − 𝑁𝐶𝑥
¯
𝑃𝐶𝑥
¯
− 𝑁𝐶𝑥
¯  
≥ 30 
L. hardjo PrioCHECK L. 
hardjo Ab Test c 
450 𝑃𝑃
=
𝑐𝑜𝑟𝑂𝐷450𝑡𝑒𝑠𝑡𝑠𝑎𝑚𝑝𝑙𝑒
𝑐𝑜𝑟𝑂𝐷450𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒𝑆𝑒𝑟𝑢𝑚1
 
> 45 
B. abortus  IDEXX Brucellosis 
Antibody Test Kit d 
450 
𝑆/𝑃 =
𝑆𝑎𝑚𝑝𝑙𝑒𝐴450 − 𝑁𝐶𝑥
¯
𝑃𝐶𝑥
¯
− 𝑁𝐶𝑥
¯  
> 120 
S/P: sample to positive ratio; PP: percentage positivity; nm: nanometres; 𝑁𝐶𝑥
¯
: 
negative control mean; 𝑃𝐶𝑥
¯
: positive control mean; OD: optical density; cor: corrected 
a IDEXX Neospora X2 Ab test, Neospora caninum antibody test kit, IDEXX 
Laboratories, Westbrook, Maine, USA. 
b IDEXX BVDV Total Ab test, bovine viral diarrhoea virus (BVDV) Antibody Test Kit, 
IDEXX Switzerland AG, Liebefeld-Bern, Switzerland 
c PrioCHECK L. hardjo Ab Test, Prionics AG, Schlieren-Zurich, Switzerland 
d IDEXX Brucellosis Serum, Brucellosis Antibody Test Kit, IDEXX Laboratories, 
Westbrook, Maine, USA 
 
3.2.4. Epidemiological survey and design  
Face-to-face interviews were conducted on a subset of 71 of the 211 households 
involved in the blood collection. The survey sample size achieved was a compromise 
of what local authorities deemed appropriate based on resource prioritisation and the 
logistical constraints of travelling to all villages. All 5 provinces were surveyed, with 1 
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district selected per province and 2 villages selected per district (n = 10). Villages were 
selected purposefully to ensure variability in village-level seroprevalence for all 
pathogens. Households were selected in each village based on their involvement in 
the blood collection, willingness to participate and availability. On average most 
farmers had 2 large ruminants sampled. Interviews were pre-arranged by staff from 
the Department of Livestock and Fisheries, Vientiane (DLF), the Luang Prabang 
Provincial Agricultural and Forestry Office (PAFO) and respective District Agricultural 
Forestry Offices (DAFO), with permissions received from local authorities including 
village chiefs. The survey was drafted in English based on a literature review of known 
risk factors, then translated and conducted in Lao language by DLF staff with animal 
health knowledge. The survey was pre-tested with 4 farmers by PAFO staff and 
modified to improve farmer responsiveness. Each farmer survey took approximately 
20 minutes to complete. Most surveys were conducted by PAFO staff (49/75) with the 
remainder conducted by DAFO staff following their receipt of training on the day prior 
to interviews. Farmers were briefed on the purpose and importance of providing 
accurate answers, prior to the conduct of the surveys.  
Due to delays between sample and survey collection which exceeded 1 year in some 
instances, individual animal reproductive history was not included as Lao smallholder 
farmers do not keep any written records and there was a risk that such information, if 
provided, would be inaccurate because of recall bias. Instead, the survey focused on 
household-level practices and herd history of reproductive problems within the last 24 
months (S1-2 Text). 
 80 
 
3.2.5. Statistical analysis 
3.2.5.1. Animal-level serology and risk factors 
Animal-level seroprevalence was interpreted as binary outcomes ‘0’ for negative or 
inconclusive results and ‘1’ for positive results, with seroprevalence determined for 
each pathogen and livestock species. Assessment of risk factors was conducted when 
the seroprevalence for the pathogen × livestock species combination exceeded 5% 
(buffalo N. caninum, cattle L. interrogans serovar Hardjo and cattle BVDV). Logistic 
generalised linear mixed models (GLMM) were fitted to the binary seroprevalence 
data. The available explanatory variables were codes for date of serum collection, 
season, year, province, district, village, herd and village species, sex, age, BCS, and 
source of serum. Additionally, BVDV sero-status, antibody titre optical density (OD) 
and S/P ratio were included as explanatory variables for N. caninum and L. interrogans 
serovar Hardjo binary outcome variables and sero-status, antibody titre OD and S/P 
ratio or percentage positivity (PP) for N. caninum and L. interrogans serovar Hardjo 
were used as explanatory variables for the BVDV binary outcome variable because of 
BVDVs immunosuppressive properties (Chase 2013). Variables with noticeable 
skewness were logarithmically transformed, to reduce the effect of influential values. 
Transformations were retained if improvements were observed in histograms. 
Collinearity was addressed by deriving the correlation coefficients (r) between numeric 
variables. In cases where 2 variables had r > 0.65, the variable with the weaker 
correlation to the outcome variable was removed. Variables were then submitted for 
univariable analysis where province, district, village and herd were included as random 
effects. Variables with p < 0.2 in univariable analysis were included in the initial 
multivariable model which underwent backward elimination until all variables had a p-
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value of < 0.1. In the final model, variables with p < 0.1 were considered suggestive of 
associations and variables with p < 0.05 were considered significantly associated with 
the outcome variable. Splines were fitted to significant predictors with possible 
nonlinear relationships to explanatory variables and were retained if there were 
demonstrable improvements in the predicted probability plots. Model fitting and model-
based predictions were conducted using the ‘asreml’ function in the asreml package 
R (Butler et al. 2009). Fisher exact tests were also used to provide basic assessments 
of variation in seroprevalence between provinces.  
3.2.5.2. Herd-level serology and risk factors 
Surveys were entered and cleaned in Microsoft Excel (2016). Descriptive statistics 
were used to determine trends and to summarise management practices. To assess 
the degree of household engagement in risk factors, 3 risk practice scores were 
calculated for each detected pathogen based on a methodology previously used to 
assess brucellosis in Pakistan (Arif et al. 2017). The neosporosis risk score (from 0-
5), the BVDV risk score (from 0-4) and the leptospirosis risk score (from 0-5) were the 
total number of risky practices performed by households specific to each pathogen 
(Table 2.3). These were determined through reviewing literature on known risk factors, 
selecting factors relevant to the Lao smallholder context and only including variables 
with sufficient variability (>5% variability in responses). The scores were used as 
ordinal scale variables where explanatory variables were assessed for their effect on 
these scores using ordinal logistic regression. The explanatory variables considered 
were demographic factors; farmer sex, age (≤ 40, 41-45, 46-50, 51-55, 56-60, >60 
years), education level (no formal education, primary, secondary, tertiary), years of 
farming experience (1-5, 6-10, 11-15, 16-20, >20), and distance to nearest town (<5, 
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6-10, 11-15, 16-20, >20 km). Knowledge variables included knowledge that abortion 
in large ruminants could be caused by disease (No, I don’t know, Yes), knowledge that 
large ruminant diseases can infect humans (No, I don’t know, Yes), and knowledge 
that large ruminants could get diseases from dogs or rodents (No, I don’t know, Yes). 
Farm characteristics included farm species (cattle, buffalo or both), farm land size (ha: 
<1, 1 to <2, 2 to <3, 3 to <4, ≥4), number of females > 6 months old (≤ 5, 6-10, >10) 
and history of herd reproductive problems (Yes/No). The same process of variable 
filtering and model fitting was used as per the GLMMs except that model fitting and 
model-based predictions were conducted using the ‘clmm’ function in the ordinal 
package (Christensen 2018), the ‘emmeans’ function in the emmeans package (Lenth 
2018) and the ‘rating.emmeans’ function in the RVAideMemoire package (Hervé 2019) 
in R.  
In addition, 3 logistic GLMM analyses were conducted to assess associations between 
the demographic factors, all individual disease risk factors, all management practices, 
and reproductive performance indicators against herd-level sero-status where positive 
households had at least 1 large ruminant positive to N. caninum, BVDV, or L. 
interrogans serovar Hardjo, respectively. 
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Table 3.3. Farm practices which pose risk of contracting reproductive pathogens in 
large ruminants 
Neospora caninum Bovine viral diarrhoea 
virus 
Leptospira interrogans 
Dogs eat aborted foetus/ 
Placenta/ dead calves 
Presence of goats Presence of rodents 
Dogs or rodents 
defecating near large 
ruminant feed 
Common-grazing Dogs and/or rodents 
defecate or urinate near 
bovid feed 
Calving animals not 
isolated from herd 
Introduced large 
ruminants to herd in last 
24 months 
Allow grazing near 
flooded rice plots 
Borrow equipment from 
neighbours 
Cows share bulls Presence of pigs 
Manure not removed from 
calving areas weekly 
 Introduced large 
ruminants to herd in last 
24 months 
 
3.3. Results 
3.3.1. Demographic factors 
Of the 75 interviewed farmers, 66 (86.8%) were the primary large ruminant carer in 
their household. Of these, the majority were male (92.4%), and only 5 were female 
(7.6%). Respondents were predominantly primary school educated (58.7%), fewer 
were secondary school educated (32.0%), 2 were tertiary school educated (2.7%) and 
5 had no formal education (6.7%). On average, respondents had raised bovids for 
15.2 ± 11.5 years (mean ± SD), on 1.9 ± 2.4 ha of land distributed across 2.1 ± 1.2 
land parcels. Households were on average 16.7 ± 14.4 km from their nearest town 
and 17.2 ± 15.4 km from their nearest main road. Farmers raising both cattle and 
buffalo had an average of 11.2 ± 4.9 females older than 6 months which was larger 
than herds with only cattle or buffalo (Figure 3.1b). All cattle and buffalo owned were 
of the native Laotian yellow and native swamp buffalo breeds, respectively.  
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Figure 3.1. Bar charts conveying trends on smallholder farms in 2018, Lao PDR. (a) 
The average land size associated with the different disposal methods of large ruminant 
placental membranes (b) The average number of female large ruminants > 6 months 
of age associated with farm species. Error bars shown are ± SE 
 
3.3.2. Reproductive practices and performance 
A summary of reproductive husbandry practices employed by respondents is 
presented (Table 3.4). Almost all famers (97.3%) engaged in unrestricted mating as 
their main method of breeding bovids. The main methods of pregnancy detection were 
observing ‘increasing abdomen size’ (49.3%) or ‘increasing udder size’ (33.3%). Only 
3 farmers reported using a lack of return to oestrus to detect pregnancy (4.0%). A 
minority of 14.5% and 10.0 % of farmers reported having reproductive problems in 
their cattle and buffalo herd in the last 24 months, respectively. Farmers typically 
consumed bovid placental membranes (61.3%) and these farmers typically had < 2 
ha of land (Figure 3.1a). Farmers could only detect pregnancy at 3.9 ± 1.2 months and 
5.1 ± 1.9 months gestation in cattle and buffalo, respectively, and reported estimated 
calving to conception intervals of 4.5 ± 3.0 and 8.5 ± 4.3 months, respectively. Calving 
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predominantly occurred from November to January in both cattle and buffalo (Figure 
3.2). 
Table 3.4. Reproductive husbandry practices in smallholder cattle and buffalo 
farms in Lao PDR from an epidemiological survey (n = 75) 
 Category n % 95% CI 
Main method that your 
cows get pregnant  
Unrestricted mating 73 97.3 93.7-100 
Farmer selects bull from 
own herd 
2 2.7 0-6.3 
How do you detect 
pregnancy?  
a) Increased abdomen size 37 49.3 38.0-60.6 
b) Increased udder size 25 33.3 22.6-44.0 
c) Does not return to oestrus 3 4.0 0-8.4 
d) Stops lactating 1 1.3 0-3.9 
e) A mix of a), b) and c) 6 8.0 1.9-14.1 
I don’t know 3 4.0 0-8.4 
Have you experienced 
reproductive problems in 
the last 24 months? 
(Infertility, abortion, still 
birth, calf death) 
Cattle (n = 69)    
Yes  10 14.5 6.2-22.8 
Buffalo (n = 20)    
Yes  2 10.0 0-23.1 
What do you do with 
placental membranes after 
a cow has given birth?  
a) Household consumes 46 61.3 50.3-72.3 
b) Sell 0 0 - 
c) Leave in field 4 5.3 0.2-10.4 
d) Dam consumes 16 21.3 12.0-30.6 
f) I don’t know 8 10.7 3.7-17.7 
a) and c) 1 1.3 0-3.9 
  µ SD  
When can you diagnose 
pregnancy? (months) 
Cattle (n = 67) 3.9 1.2  
Buffalo (n = 18) 5.1 1.9  
Calving to conception 
interval (months) 
Cattle (n = 67) 4.5 3.0  
Buffalo (n = 20) 8.5  4.3  
n: number of samples, CI: confidence interval, µ: mean, SD: standard deviation  
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Figure 3.2. Histograms of the main calving months reported by smallholder farms in 
2018, Lao PDR. (a) cattle calves (b) buffalo calves. Temperature data are from the 
Meteorological Organization Standard Normals 1961-1990 (UNdata 2018) and rainfall 
data from the Climate Change Knowledge Portal 1901-2015 (World Bank 2016) 
 
3.3.3. Animal health, nutrition and other management practices 
A summary of animal health, nutritional and other management practices employed 
by respondents is presented (Table 3.5). Of the 75 respondents, only 27 (36.0%) 
reported growing forage. Only 2 farmers (2.7%) reported that their large ruminant 
water source was mainly from a well or bore, with all remaining farmers reporting 
natural water reserves. Of the 13 households providing water troughs for large 
ruminants, 7 households cleaned them once per day, 4 cleaned them once per week 
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and 2 never cleaned them. Of the 69 farmers raising cattle, 33 (47.8%) kept animals 
housed nightly. Of these, 30/33 (90.9%) reported that their animal house had a roof. 
For buffalo, 11/21 (52.4%) farmers housed animals nightly and of these farmers, 9/11 
(81.8%) reported that their animal house had a roof. A majority of 60/73 (82.2%) of 
farmers reported that their large ruminants had access to forests for grazing. All 6 
buffalo-only households reported that their buffalo had access to forest compared to 
44/52 (84.6%) of cattle-only households and 10/15 (66.7%) of cattle-and-buffalo 
households. Of the 53 households raising cattle only, 19 (35.8%) reported that their 
cattle came in contact with buffalo. Of the 6 households raising buffalo only, 4 (66.7%) 
reported that their buffalo came in contact with cattle. Only 12 farmers (16.0%) 
reported introducing large ruminants to their herds in the last 24 months. Of these 12 
farmers, 7 (58.3%) had introduced them from the same village, 4 (33.3%) had 
introduced them from another village in the same province and 5 (41.7%) had 
quarantined these animals prior to mixing them with their herds, which ranged from 2-
120 days. Of the 12 farmers, 7 had introduced large ruminants including pregnant 
females and calves. Almost all farmers (97.3%) reported vaccinating cattle against 
FMD and/or haemorrhagic septicaemia (HS) in the last 24 months. Of these, 86.8 ± 
16.0% of large ruminants were vaccinated. Few farmers (9.3%) slaughtered any 
livestock on their farm. Buffalo tended to spend more time near the homestead with 
the largest proportion of households (47%) reporting cattle spent none (0%) of the 
daytime at home compared to 43% of households reporting buffalo spent more than 
60% of the daytime at home (Figure 3.3).
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Table 3.5. Nutritional, biosecurity and management practices in smallholder cattle 
and buffalo farms in Lao PDR from an epidemiological survey (n = 75) 
 Category n % 95% CI 
Do you grow forage to feed your 
cattle?  
Yes 27 36.0 25.1-46.9 
What is the main source of animal 
drinking water? 
a) Pond/River 73 97.3 93.7-100 
b) Well/Bore 2 2.7 0-6.3 
Do you have water troughs for your 
animals?  
Yes 13 17.3 8.7-25.9 
Large ruminants are kept in an animal 
house at night time 
Cattle (n = 69) 33 47.8 36.0-59.6 
Buffalo (n = 21) 11 52.4 31.0-73.8 
The animal house has a roof Cattle (n = 33) 30 90.9 81.1-100 
Buffalo (n = 11) 9 81.8 59.0-100 
Do your large ruminants have access 
to forest? (n = 73) 
Yes 60 82.2 73.4-91.0 
If you raise cattle only, do they come 
in contact with buffalo? (n = 53) 
Yes 19 35.8 22.9-48.7 
If you raise buffalo only, do they come 
in contact with cattle? (n = 6) 
Yes 4 66.7 29.0-100 
Do you slaughter livestock on the 
farm?  
Yes 7 9.3 2.7-15.9 
Have you introduced any large 
ruminants to your herd in the last 24 
months? 
Yes 12 16.0 7.7-24.3 
If Yes, what was the main place these 
animals came from? (n = 12) 
a) same village 7 58.3 30.4-86.2 
b) other village 
in province 
4 33.3 6.6-60.0 
If Yes, did you quarantine these 
animals prior to mixing them with your 
animals 
Yes 5 41.7 13.8-69.6 
If Yes, were any of the introduced large 
ruminants pregnant females or calves 
Yes 7 58.3 30.4-86.2 
Have you vaccinated your large 
ruminants against FMD or HS in the 
last 24 months?  
Yes  73 97.3 93.7-100 
Is Yes, what % of your animals were 
vaccinated?  
 µ SD  
 86.8 16.0  
n; number of samples, CI: confidence interval, µ; mean, SD; standard deviation  
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Figure 3.3. Proportions of smallholder households reporting the amount of daytime 
(%) that large ruminants were kept near the homestead in 2018, Lao PDR. (a) cattle 
(b) buffalo 
 
3.3.4. Knowledge of abortifacient and zoonotic disease 
Only 31/75 (41.3%) of respondents identified that abortion in cattle can be caused by 
disease. Fewer farmers (27/75) identified that humans can get diseases from large 
ruminants and even fewer (18/75) believed that diseases could be transmitted from 
rats and dogs to large ruminants (Table 3.6). 
 
Table 3.6. Farmer awareness of abortifacient and zoonotic disease in cattle and 
buffalo in an epidemiological survey (n = 75) 
 Category n % 95% CI 
Can abortion in large ruminants be 
caused by disease? 
Yes 31 41.3 30.1-52.4 
No 16 21.3 12.0-30.6 
I don’t know 34 45.3 34.0-56.6 
Do you think your family can get 
diseases from large ruminants? 
Yes 27 36.0 25.1-46.9 
No 13 17.3 8.7-25.9 
I don’t know 34 45.3 34.0-56.6 
Do you think large ruminants can get 
disease from dogs or rodents? 
Yes 18 24.0 14.3-33.7 
No 13 17.3 8.7-25.9 
I don’t know 44 58.7 47.6-69.8 
CI: confidence interval 
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3.3.5. Farmer engagement in disease risk practices and their associated factors 
3.3.5.1. N. caninum 
Farmers participated in known risk practices for Neospora caninum (Table 3.7) with 
58.7% of respondents reporting that dogs consumed aborted foetuses, placental 
membranes or deceased calves. A further 16% of respondents reported that they had 
observed dogs and/or rodents defecating or urinating near large ruminant feed 
sources. A majority of 76.0% of farmers did not isolate calving animals, 18.7% of 
farmers borrowed farming equipment from neighbours, and 61.3% removed manure 
from calving areas less than once per week. All but 3 farmers reported participation in 
at least 1 neosporosis risk practice and the mean risk score was 2.1 ± 1.1 (/5) with a 
range of 0-5. The final multivariable ordinal logistic model showed that lower risk 
scores were associated with farmers with fewer female large ruminants under 6 
months of age (< 5 head) (p = 0.004), with smaller land size (p = 0.008), less farming 
experience (1-5 years) (p = 0.020), did not think that large ruminants could get 
diseases from dogs/rodents (p = 0.020), and raised buffalo only (p = 0.022) (Figure 
3.4).  
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Table 3.7. Smallholder participation in known risk practices for contracting reproductive pathogens in large ruminants and their 
average risk scores in Lao PDR, 2018 
Neospora caninum n (% ± 95 CI) Bovine viral 
diarrhoea virus 
n (% ± 95 CI) Leptospira 
interrogans 
n (% ± 95 CI) 
Dogs eat aborted 
foetus/ placenta/ 
dead calves 
44 (58.7 ± 11.1) Presence of goats 5 (6.7 ± 5.6) Presence of rodents 7 (9.3 ± 6.6) 
Dogs and/or rodents 
defecating near large 
ruminant feed 
12 (16.0 ± 8.3) Introduced large 
ruminants to herd in 
last 24 months 
12 (16.0 ± 8.3) Dogs and/or rodents 
defecate or urine 
near bovid feed 
12 (16.0 ± 8.3)  
Calving animals not 
isolated from herd 
57 (76.0 ± 9.7) Cows share bulls 15 (20.3 ± 9.2) Allow grazing near 
flooded rice plots 
28 (37.8 ± 11.1) 
Borrow equipment 
from neighbours 
14 (18.7 ± 8.8) Common-grazing 59 (78.7 ± 9.3) Presence of pigs 29 (38.7 ± 11.0) 
Manure not removed 
from calving areas 
weekly 
46 (61.3 ± 11.3)   Introduced large 
ruminants to herd in 
last 24 months 
12 (16.0 ± 8.3) 
Mean risk score (/5) 2.1 ± 1.1 a Mean risk score (/4) 1.2 ± 0.7 a Mean risk score (/5) 1.2 ± 0.9 a 
CI: confidence interval 
a mean ± SD 
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Figure 3.4. Predicted probability of farmers engaging in risk practices for bovid 
reproductive diseases from significant predictor variables in final multivariable ordinal 
regression models in 2018, Lao PDR. (a) Neosporosis, (b) Bovine viral diarrhoea virus 
infection (BVDV) and (c) Leptospirosis. IDK: I don’t know; F: female; M: male, B: 
buffalo; C: cattle; CB: cattle and buffalo 
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3.3.5.2. BVDV 
Farmers participated in known risk practices for BVDV (Table 3.7) with 6.7% of farmers 
owning goats, 16.0% introducing large ruminants to their herds in the last 24 months 
(which included pregnant dams), 20.3% of farmers reporting that their cows shared 
bulls, and 78.7% of farmers submitted their bovids to common-grazing. All but 6 
farmers reported participation in at least 1 BVDV risk practice and the mean risk score 
was 1.2 ± 0.7 (/4) with a range of 0-3. The final multivariable ordinal logistic regression 
model showed that lower risk scores were associated with farmers owning more 
available land (> 4 ha) (p = 0.017) and were male (p = 0.071) (Figure 3.4). 
3.3.5.3. L. interrogans serovar Hardjo 
Farmers participated in risk practices for bovid leptospirosis (Table 3.7) with 9.3% 
reporting the presence of rodents at their farm, 16.0% reported that they had observed 
dogs and/or rodents defecating or urinating near large ruminant feed sources, 37.8% 
allowed large ruminants to graze around flooded rice plots, 16.0% introduced large 
ruminants to their herds in the last 24 months, and 38.7% had pigs on their farm. A 
minority (19/75) of farmers did not report participating in any leptospirosis risk 
practices and the mean risk score was 1.2 ± 0.9 (/5) with a range of 0-3 (Table 3.7). 
The final multivariable ordinal logistic regression model suggested that lower risk 
scores were associated with farmers with cattle or buffalo (not both) (p = 0.061), no 
history of herd reproductive problems (p = 0.088) and farmers who didn’t know whether 
large ruminants could get diseases from dogs or rodents (p = 0.081) (Figure 3.4).  
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3.3.6. Animal-level seroprevalence and associated risk factors 
At the S/P cut-off ratio of 21%, N. caninum seroprevalence was 78.5% (95% CI 71.4-
85.6) in buffalo and 4.4% (95% CI 2.4-6.4) in cattle. Antibodies against BVDV were 
not detected in buffalo but detected in 7.7% (95% CI 3.1-12.3) of cattle samples. 
Antibodies against L. interrogans serovar Hardjo were detected in 2.3% (95% CI 0-
4.9) of buffalo sera and 12.8% (95% CI 9.5-16.1) of cattle sera. Seroprevalence 
differed significantly between species for all pathogens (p < 0.001) (Figure 3.5), except 
B. abortus where only 1 sample tested positive. 
 
Figure 3.5. Prevalence of antibodies in cattle and buffalo identified by the enzyme-
linked immunosorbent assays in 2018, Lao PDR. (a) Neospora caninum, (b) Bovine 
viral diarrhoea virus (BVDV) and (c) Leptospira interrogans serovar Hardjo (L. hardjo). 
 
Final multivariable logistic GLMMs for buffalo N. caninum, cattle L. interrogans serovar 
Hardjo and cattle BVDV are presented (Table 3.8). Buffalo N. caninum was 
significantly associated with increasing animal age (p = 0.048) where buffalo at birth 
had a predicted seroprevalence of 52.8 ± 17.0%. For each additional year of age there 
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was a 1.4-fold increase in the odds of being seropositive, increasing the predicted 
seroprevalence to 97.2 ± 16.2% by age 12 (Figure 3.6). For L. interrogans serovar 
Hardjo in cattle, female cattle had a 2.5-fold increase in the odds of being seropositive 
compared to males (p = 0.034), and samples taken in the wet season had a 2.7-fold 
increase in the odds of being seropositive compared to the dry season (p = 0.077). 
Cattle had a higher probability of being seropositive as BVDV antibody titres increased 
(p = 0.044). For BVDV in cattle, males had a 3-fold increase in the odds of being 
seropositive compared to females (p = 0.034). Cattle under 4 years of age sampled in 
the wet season had a higher probability of being seropositive compared to those 
sampled in the dry season. However, cattle sampled in the dry season had a 2-fold 
increase in the odds of being seropositive for each yearly increase in age (p = 0.032) 
(Figure 3.6). Increasing antibodies titres to N. caninum (p = 0.049) and L. interrogans 
serovar Hardjo (p = 0.065) were associated with increased odds of being BVDV-
seropositive. The spatial distribution of these outcome variables is displayed (Figure 
3.7).  
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Table 3.8. Animal-level risk factors associated with buffalo Neospora caninum, 
cattle Leptospira interrogans serovar Hardjo (L. hardjo) and bovine viral diarrhoea 
virus (BVDV) seroprevalence in Lao PDR from multivariable logistic generalised 
linear mixed models 
Predictors Levels b SE OR 95%CI p-value 
Buffalo N. caninum 
Age - 0.34 0.16 1.41 1.04-1.91 0.037 
Cattle L. interrogans serovar Hardjo 
Sex Male 0 - 1 - 0.032 
 Female 0.93 0.43 2.53 1.08-5.91  
BVDV S/P 
ratio 
 0.70 0.35 2.01 1.02-4.0 0.044 
Season Dry 0 - 1 - 0.075 
 Wet 1.0 0.54 2.71 0.94-7.75  
Cattle BVDV 
Sex Female 0 - 1 - 0.018 
 Male 1.14 0.48 3.12 1.22-7.99  
Season: age Dry: Age 0 - 1 - 0.032 
 Wet: Age -0.75 0.35 0.47 0.24-0.93  
N. caninum 
OD 
- 0.62 0.31 1.87 1.01-3.45 0.049 
L. hardjo OD - 0.37 0.20 1.45 0.98-2.15 0.066 
Season Dry 0 - 1 - 0.419 
 Wet 3.62 1.57 37.27 1.72-809.0  
Age - 0.72 0.32 2.04 1.10-3.80 0.447 
b: regression coefficient; SE: standard error; OR: Odds ratio; CI: confidence 
interval; S/P: sample/positive; OD: optical density 
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Figure 3.6. The effect of significant predictors from final multivariable logistic models 
on the probability that large ruminants were seropositive to infectious pathogens from 
2016-2018, Lao PDR. (a) Buffalo age on the probability of being Neospora caninum 
seropositive. (b) The interaction between age and season on the probability of cattle 
being bovine viral diarrhoea virus (BVDV) seropositive 
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Figure 3.7. Spatial distribution heat map of buffalo Neospora caninum, cattle BVDV 
and cattle Leptospira interrogans serovar Hardjo (L. hardjo) antibodies in provinces in 
Lao PDR detected by enzyme-linked immunosorbent assay. Maps and Fisher exact 
tests to assess variation in sero-prevalence between provinces were generated using 
R statistical software 
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3.3.7. Herd-level seroprevalence and associated risk factors 
N. caninum seroprevalence was higher in buffalo-only herds (n = 6) at 83.3% (95% CI 
74.6-92), compared to mixed cattle-and-buffalo herds at 18.8% (95% CI 9.7-27.9) (n 
= 16) and cattle-only herds at 10.2% (95% CI ± 3.2-17.2) (n = 49). Conversely, herd-
level BVDV was highest in cattle-only herds at 14.3% (95% CI 6.2-22.4) followed by 
cattle-and-buffalo herds at 6.3% (95% CI 0.7-11.9) and absent in buffalo-only herds. 
Similarly, L. interrogans serovar Hardjo was absent in buffalo-only but was highest in 
cattle-and-buffalo herds at 25.0% (95% CI 14.9-35.1), followed closely by cattle-only 
herds at 24.5% (95% CI 14.5-34.5.0).  
Multivariable logistic GLMMs identified factors associated with herd sero-status (Table 
3.9). For N. caninum, increasing farmer age was associated with reduced odds of a 
herd being positive (p = 0.030). Farmers who reported the presence of rodents on their 
farms had a 1.7-fold increase in the odds of their herds being positive (p = 0.055) and 
farmers who did not know whether large ruminant feed was contaminated by N. 
caninum or rodent excreta had higher odds of being positive compared to farmers who 
answered yes or no (p = 0.092). For herd BVDV sero-status, an increasing proportion 
of large ruminants vaccinated against FMD/HS was associated with a decreased odds 
of herd positivity (p = 0.005) while an increasing number of female large ruminants 
was associated with an increased odds of herd positivity (p = 0.073). Herds positive 
for N. caninum had a 6.7-fold increase in the odds of being BVDV-positive (p = 0.104). 
For herd L. interrogans serovar Hardjo sero-status, herds where farmers reported that 
multiple cows shared bulls (p = 0.031) and herds where farmers provided water 
troughs (p = 0.064) had a 14.3- and 20.9-fold increase in the odds of being L. 
interrogans serovar Hardjo positive, respectively. Increasing farmer 
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nutrition/reproductive knowledge scores were associated with decreased odds that 
herds were positive (p = 0.046) while increasing farmer experience was associated 
with increased odds that herds were positive (p = 0.108).  
 
Table 3.9. Herd-level risk factors associated with Neospora caninum, bovine viral 
diarrhoea virus (BVDV) and Leptospira interrogans serovar Hardjo seroprevalence 
in cattle and buffalo in Lao PDR from multivariable logistic generalised linear mixed 
models 
Predictors Levels b SE OR 95% CI p-value 
N. caninum 
Farmer age  -0.12 0.05 0.89 0.80-0.99 0.030 
Presence of rodents Yes 3.40 1.74 30.05 0.99-914.63 0.055 
Feed contaminated by 
canine or rodent excreta 
No 0 - 1 - 0.092 
IDK 2.24 1.28 9.40 0.76-116.91  
Yes -1.04 2.14 0.35 0.01-23.4  
L. interrogans serovar Hardjo 
Multiple cows share a 
bull 
Yes 2.66 1.23 14.31 1.29-158.46 0.031 
Farmer knowledge 
Score (/7) 
 -1.02 0.51 0.36 0.13-0.98 0.046 
Uses water troughs Yes 3.04 1.67 20.89 0.79-555.77 0.064 
Farming 
experience(years) 
 0.13 0.08 1.14 0.97-1.34 0.108 
BVDV 
FMD/HS Vaccinated 
(%) 
 -0.09 0.03 0.91 0.85-0.97 0.005 
No. female large 
ruminants 
 0.13 0.07 1.14 0.99-1.31 0.073 
Herd N. caninum Ab 
status  
- ve 0 - 1  0.104 
 + ve 1.91 1.17 6.74 0.68-66.88  
b: regression coefficient; SE: standard error; OR: Odds ratio; CI: confidence 
interval; IDK: I don’t know; FMD/HS: foot-and-mouth disease or haemorrhagic 
septicaemia; Ab: antibody  
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3.4. Discussion 
This study builds on preliminary serological evidence of N. caninum, BVDV and L. 
interrogans serovar Hardjo infections in Laos by assaying a larger sample of large 
ruminant sera and identifying animal- and herd-level risk factors and associations that 
potentially reduce reproductive performance. Buffalo N. caninum seroprevalence of 
78.5% was significantly higher than co-reared cattle of 3.6% (Figure 3.3), supporting 
reports that buffalo are more susceptible to N. caninum exposure than cattle (Reichel 
et al. 2015; Olmo et al. 2018). Model-based predictions showed that buffalo had a 
52.8% chance of being seropositive at birth. This incriminates in utero transmission in 
the epidemiology of neosporosis in buffalo and is consistent with reports that 
congenital transfer of N. caninum in buffalos can be a highly efficient route of 
transmission (Rodrigues et al. 2005; Olmo et al. 2018). Postnatal infection accounted 
for the remaining exposure as the probability of being seropositive increased 1.4-fold 
for each additional year of age resulting in mature buffalo having an almost 100% 
chance of being seropositive (Figure 3.6). The role of free-roaming, semi-
domesticated village dogs in transmission was substantiated by ‘whether rodents or 
canines had contaminated herd feed with urine or faeces’ being a suggestive predictor 
of herd-level N. caninum seroprevalence (Table 3.9). Farmers answering, ‘I don’t 
know’ had a 10-fold increase in the odds of their herd being N. caninum positive 
relative to farmers who answered ‘no’. This suggests that increasing farmer vigilance 
likely results in the removal of contaminated infectious material whereas farmers who 
are less observant do not remove contaminants. The source of canine infection could 
be through consumption of aborted large ruminant foetuses, placental membranes or 
dead calves which occurred in 59% of herds. While the role of village dogs is strongly 
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implicated in horizontal bubaline N. caninum transmission in Laos, future testing of 
canine serum and faeces may determine the source of canine infection. As rabies is 
endemic in Laos (Douangngeun et al. 2017), such studies should involve adequate 
safety protocols. While the number of buffalo sampled in this study was double the 
sample size of the preliminary screening, due to the declining numbers of buffalo 
reducing the availability of samples, a degree of caution should be applied to these 
results. 
Bovid N. caninum ‘horizontal’ transmission may not be facilitated by canines alone. 
Multivariable logistic modelling also identified the presence of rodents as a significant 
risk factor, increasing the probability of herd positivity by 30-fold (Table 3.9). Rodents 
have been identified as an intermediate host of N. caninum in Australia, Italy, The 
Netherlands, Brazil, Mexico and India (Barratt et al. 2008; Almería 2013; Dhandapani 
et al. 2017). While their role in N. caninum epidemiology is not well understood, a 
sylvatic life cycle has been hypothesized to exist between wild or domestic canines 
and rodents (Ferroglio et al. 2007; King et al. 2011). Hence, controlling farm rodents 
may be an important measure for reducing the risk of neosporosis in Laos. 
Recommendations for this include trapping, use of rodenticides (with caution), cats 
and digging burrows in the rice breeding season (Brown and Khamphoukeo 2007; 
Brown and Khamphoukeo 2010). However, given that 98% of farmers report rodents 
as the main constraint to rice production in the uplands (Brown and Khamphoukeo 
2007), the proportion of farmers reporting the presence of rodents on their farms in 
this study at 9.3% is surprisingly low. Whilst this may account for Vientiane and Xieng 
Khoung provinces being located in lowland areas where rodents are not considered 
major pests (Schiller et al. 1999), the potential underreporting of rodents in this study 
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is a potential limitation. As increasing farmer age was also associated with a 
decreased probability of herds being seropositive, intervention programs should target 
younger farmers, although further social research is needed to examine this 
relationship. Of note, due to the imperfect sensitivity and specificity of the commercial 
tests used and variable proportions of the herds tested (on average 2 tested per herd), 
the herd-level analysis has reduced accuracy as one animal being positive was used 
to qualify the herd as positive. Additionally, as the experimental unit in herd-level 
analyses was the household which reduced the sample size, this analysis is 
considered less robust than animal-level analyses, reflected in several large 
confidence intervals (Table 3.9). Nevertheless, these models had sufficient power 
because they were able to detect significant trends in data. Future test validation on 
the target population will help improve the accuracy of seroprevalence.’ 
The pathogen of most concern as a potential zoonosis, L. interrogans serovar Hardjo, 
had a 12.8% seroprevalence in cattle; significantly higher than co-reared buffalo at 
2.3% (Figure 3.3) suggesting cattle are at higher risk of exposure than buffalo. Wet 
season conditions were confirmed as appropriate for the survival of leptospires as 
animals sampled in this season had a 3-fold increase in the odds of being seropositive 
compared to those sampled in the dry season (Table 3.9). Seroprevalence also 
differed significantly between locations with Vang Vieng district located in Vientiane 
province having the highest seroprevalence of 33.3%. Geographically, this district has 
a relatively higher mean annual temperature and annual precipitation (GADM 2018). 
Hence, it is feasible that the higher seroprevalence in cattle compared to buffalo is 
linked to the higher proportional population density of cattle in Central Laos, where the 
climate may be more conducive to leptospirosis. This may explain why buffalo 
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seroprevalence was lower despite the predilection of buffalo for the swamp habitats 
usually considered conducive to increased transmission of this pathogen 
(Suwancharoen et al. 2013). Future testing with the gold standard, the microscopic 
agglutination test, is justified to elucidate a fuller array of species-specific serovars and 
because the diagnostic performance of the prioCHECK ELISA is yet to be fully 
determined in the target population.  
Another aquatic risk factor identified was the practice of using water troughs; 
associated with a 20-fold increase in the odds of herds being seropositive. Overall, 
large ruminants mainly received water from ponds and rivers (97.3%). However, the 
addition of water troughs was most commonly practiced in Vientiane province (21.4% 
of farmers) and this may contribute to the higher exposure in this location. This 
reiterates the importance of disinfecting water troughs daily which was practiced by 
less than half of farmers using troughs. Given the established links to water and the 
zoonotic potential of leptospirosis, further studies may aim to optimise the use of 
flooding indicators to predict leptospirosis outbreak risks in Laos, as previously 
established in neighbouring Cambodia (Ledien et al. 2017).  
Venereal transmission of L. interrogans serovar Hardjo also appears to be a route of 
infection in Laos. Female cattle had a 2.5-fold increase in the odds of being positive 
compared to males, and herds where farmers reported multiple cows were serviced 
by the same bull had a 14-fold increase in the odds of being seropositive (Table 3.9). 
It is interpreted that farmers with fewer bulls were more likely to mate their cows with 
village bulls, facilitating venereal transmission to naïve herds. This is supported by all 
respondents reporting that they permitted their bovids to unrestricted breeding 
(97.3%), and further, as sex segregation, castration and herd isolation are not 
 105 
 
commonly practiced in Laos (Matsumoto et al. 2017). Hence, limiting venereal 
transmission through controlled breeding including artificial insemination (AI) and 
potentially leptospirosis vaccinations (BonDurant 2005) are possible long-term 
infection control strategies requiring gradual adaptive support. In the short-term, 
improving farmer knowledge may be the best strategy to lower transmission indirectly. 
This is based on increasing levels of farmer knowledge on animal health, nutrition and 
reproduction being a significant predictor of herd L. interrogans serovar Harjo sero-
status (Table 3.9). Interestingly, the number of years spent farming large ruminants 
was not associated with lowered herd exposure. A similar trend was reported in 
Vietnam where a greater number of years farming dairy cattle was linked to lower 
reproductive performance (Suzuki et al. 2006). This suggests that the level of large 
ruminant experience is not necessarily conducive to improved farm practices. Training 
farmers on the basic concepts of best-practices including provision of adequate 
nutrition, quarantining introduced animals, removing excess cow and calf manure and 
vaccinating animals, are necessary interventions to reduce infectious disease risk on 
smallholder farms.  
Finally, BVDV exposure was present in 7.7% of cattle and no buffalo samples, 
suggesting that cattle are more susceptible to infection than buffalo. This may be 
related to the lower frequency of buffalo in Laos and smaller herd sizes compared to 
cattle, although further research is needed to understand cross-species transmission 
(Evans et al. 2016; Selim et al. 2018). The number of females > 6 months of age was 
used as an indicator of farm size and increased significantly with the probability of 
herds being BVDV seropositive (Table 3.9). This supports suggestions that small herd 
sizes on Lao farms is a protective factor against BVDV transmission and explains why 
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seroprevalence is low despite no active control measures. However, the projected 
increases in the national herd to satisfy growing regional and local red meat demand 
(FAO 2011) will likely result in increased transmission of BVDV unless control measure 
are put into place.  
Based on identified risk factors, BVDV prevention strategies should focus on 
increasing biosecurity particularly in the dry season. The increasing probability of cattle 
being BVDV seropositive with increasing age in animals sampled in the dry season 
(Figure 3.6) could be linked to the predominance of dry season peak calving that 
temporarily increases herd size (Figure 3.1). Additionally, the heightened regional beef 
demand from post-harvest festivities may increase the circulation of PI and transiently-
infected cattle. While all farmers who purchased large ruminants in our study sourced 
them within their province, because bovids are increasingly entering the Lao market 
chain from Thailand where the average herd size is larger, BVDV seroprevalence can 
exceed 50% and PI animals have been identified (Kampa et al. 2011), hence a greater 
emphasis on biosecurity is needed. Trade-related exposure is further corroborated by 
the finding that males had a 3-fold increase in the probability of being seropositive 
compared to females; consistent with farmers trading more males (Stür et al. 2002). A 
strategy to improve dry season biosecurity may be to facilitate forage growing as this 
was practiced by only 36% of respondents. This will reduce the reliance on common-
grazing (practiced by 79% of farmers) to avoid contact with the higher volume of 
introduced and trafficked animals during post-harvest. Addition of interventions 
including irrigation and fodder storage as silage, can also assist in reducing 
dependency on common-grazing.  
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Animal-level and herd-level modelling showed potential evidence of BVDVs 
immunosuppressive potential (Tables 3.8-3.9). This suggests that transiently-infected 
animals may be more susceptible to other abortifacient pathogens and subsequently 
have an increased risk of abortion (Lanyon et al. 2014). Alternatively, it could reflect 
farmers with poorer overall biosecurity. Associations to abortion were undetectable in 
this study except for L. interrogans serovar Hardjo where participants with known risk 
factors were significantly linked to a herd history of reproductive problems and a lack 
of knowledge of reproductive disease (Figure 3.4). Average reported calving to 
conception intervals of 4.5 and 8.5 months in cattle and buffalo (Table 3.4) match 
current estimates of inter-calving intervals of 14-21 months (Nampanya et al. 2014b) 
and confirm that reproductive efficiency is poor in Laos. As increased abdomen or 
udder size remains the main diagnostic sign of pregnancy (97.3%), with farmers only 
able to detect pregnancy at 3.9-5.1 months, the proportion of reproductive efficiency 
attributed to pregnancy loss remains unquantifiable. Future studies should aim to 
benchmark reproductive loss by promoting the absence of behavioural oestrus to 
detect pregnancy and by encouraging reproductive record keeping. However, more 
accurate data may require use of rectal palpation or ultrasound scanning techniques 
for detection of pregnancy. 
Human consumption of large ruminant placental membranes and other offal in soup 
is common and considered a delicacy in Lao cuisine (Nampanya et al. 2015). Whilst 
this potentially increases the risks of zoonoses if collected without gloves, the practice 
appears to be a potential protective factor against N. caninum. This was more 
commonly practiced in farms with under 2 ha of land while farmers with more than 2 
ha of land tended to have placental disposal methods conducive to canine 
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consumption (Figure 3.1a). This likely explains why increasing farm size was 
significantly associated with farmer participation in N. caninum risk practices (Figure 
3.4). Similarly, farmers with larger herds more frequently reported that dogs could 
consume bovid tissue. Subsequently, farms with both cattle and buffalo were also 
associated with risk practice participation which was attributed to these farmers having 
larger herds on average (Figure 3.2). Farm characteristics can be used to identify 
farmers more likely to engage in N. caninum risk factors and this information can be 
integrated into infection prevention campaigns.  
Farmer knowledge also contributed to participation in neosporosis and leptospirosis 
risk, with farmers who either believed or were not sure whether large ruminants could 
contract diseases from dogs and rodents having a significantly higher probability of 
participating in risky practices (Figure 3.4). Assuming farmer awareness of cross-
species transmission is facilitated by personal experience, it is possible that farms 
engaging in risky practices have experienced reproductive infection. The fact that 
increased farming experience did not reduce participation in N. caninum risk factors 
(Figure 3.4) and that knowledge of reproductive and zoonotic disease was lacking 
(Table 3.6), supports the need for emerging disease awareness extension programs. 
There were gender differences in the participation in risky practices for BVDV. Female 
survey respondents (n = 9), half of which were the primary large ruminant carers, were 
more likely to participate in risk factors for BVDV compared to males (Figure 3.4). This 
finding indicates potential gender inequality in agricultural knowledge, participation 
and opportunities in Laos. Encouraging greater involvement of women in biosecurity 
workshops through gender-sensitive approaches is important in addressing infectious 
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livestock diseases in Laos and can have simultaneous benefits on improving national 
food security (Sraboni et al. 2014). 
Land size and farm species were significantly associated with farmer participation in 
risky practices for BVDV and L. interrogans serovar Hardjo, respectively. Unlike N. 
caninum, increasing land size was associated with a reduction in BVDV risk practices 
(Figure 3.4). This most likely reflects that farmers with more land (~3.6 ha) did not 
submit animals to common-grazing whereas those with smaller holdings (~1.5 ha) did. 
As with neosporosis risk, farmers raising both cattle and buffalo species were more 
likely to engage in risk practices for leptospirosis (Figure 3.4). This was attributed to 
these farms more commonly reporting that dogs and/or rodents could defecate near 
large ruminant feed sources and that they had observed rodents on their farms. This 
was probably due to less family labour being available to manage farm rodents. 
Hence, farms with both cattle and buffalo should be targeted for rodent control, despite 
the presence of rodents not significantly affecting bovid serology in this study.  
A contribution of interest from this research was the quantification of various farm 
management practices in Laos that have previously only been reported anecdotally or 
as speculation. An aspect not already discussed was that approximately half of cattle 
and buffalo keepers housed their animals at night. Of these, most had roofs (80-90%) 
and most farmers (61%) did not remove manure from calving areas weekly. Future 
studies should explore the impact of the build-up of manure on animal health and 
potential mitigation strategies including solar exposure to reduce concentrations of 
faecal-derived pathogens (Meays et al. 2005). The finding that buffalo spend more 
time near the home compared to cattle (Figure 3.2) supports the hypothesis that 
increased time spent within a close range of dogs may contribute to higher buffalo 
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infection with N. caninum (Olmo et al. 2018). However, as it was not deemed a 
significant risk factor and because buffalo also had more access to forests, this 
interaction failed to be substantiated. 
The opportunistic use of serum collected for FMD monitoring and from a buffalo dairy 
herd combined with a retrospective risk factor survey, enabled enhanced 
understanding of emerging pathogens of bovid reproductive and human zoonotic 
importance. For N. caninum, buffalo experience efficient in utero transmission followed 
by horizontal transmission from village dogs and potentially rodents. L. interrogans is 
waterborne, with transmission predominating in the wet season, in warmer and wetter 
locations and surviving in stagnant water troughs. Unrestricted mating may also 
facilitate venereal transmission between herds, with higher risk in herds with fewer 
males. BVDV transmission is facilitated by large herds and animal trading in the post-
harvest season. Despite abortion surveillance completely lacking on smallholder farms 
in Laos, the study was able to show that the participation in L. interrogans serovar 
Hardjo transmission risk practices is significantly linked to herds with a history of 
abortion. However, there was no significant association between seropositivity and 
abortion or individual risk factors. As the emergence of reproductive disease will 
threaten efforts to enhance food security in Laos and beyond, infection transmission 
preventative strategies should be considered as interventions capable of limiting 
disease impacts. These potentially include preventing canine consumption of 
placental and other membranes, controlling rodents, encouraging forage growing, 
discouraging common-grazing, and enhancing general and reproductive disease 
knowledge, hygiene and biosecurity amongst farmers, including women.  
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Abstract 
Context. Anthelmintic treatments are not widely adopted by smallholder farmers in 
Laos (Lao People’s Democratic Republic) to treat bovid Toxocara vitulorum, resulting 
in high calf morbidity and mortality.  
Aims. Field trials were conducted to provide baseline efficacy data on an alternative, 
easy-to-use treatment by provision of fenbendazole medicated molasses blocks 
(FMB) in situ.  
Methods. Participating villages were randomly allocated to either: (1) conventional 
orally-administered pyrantel; (2) access to FMB; (3) access to non-medicated 
molasses blocks (MB); and (4) no blocks (control). Faecal eggs per gram (EPG) and 
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weight were monitored in cattle (n = 171) and buffalo calves (n = 44) under field 
conditions for 48-56 days.  
Key results. In 2016, the MB treatment was associated with the fastest reduction in 
predicted average EPG at 2% per day while FMB and pyrantel had an equivalent 
reduction of 1% per day, relative to the control (P = 0.062). Predicted average weight 
also differed significantly between treatments with pyrantel and MB having the highest 
average daily gain (ADG) at 230 g and FMB at 200 g which was higher than control 
calves at 170 g (P = 0.002). In buffalo calves, treatment was not significantly 
associated with EPG or weight. The 2018 trial corroborated that FMB and MB 
treatments were associated with increased EPG reductions in cattle at 3% per day, 
relative to control calves (P = 0.007). Again, MB had the highest predicted ADG at 200 
g, compared to FMB calves at 160 g and control calves at 150 g (P = 0.005).  
Conclusions. The field trials provide baseline evidence that FMB and MB have 
potential applications in reducing environmental contamination of T. vitulorum eggs 
and may improve calf growth in low-input systems. However, further testing ex situ is 
required to control for variability in calf weight and T. vitulorum burdens in order to 
optimise anthelmintic doses, assess the addition of urea to the block formula and 
assess product marketability.  
Implications. If successful, medicated nutrient blocks may be a simple method to 
reduce calf mortality and morbidity, enhancing the reproductive efficiency of large 
ruminant production in smallholder farms in developing countries. 
Additional keywords: agricultural development, intestinal parasites, large ruminants, 
South-east Asia 
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4.1. Introduction 
In Lao People’s Democratic Republic (Laos), cattle and buffalo are predominantly 
produced by smallholder farmers in traditional low-input subsistence systems (Stür et 
al. 2002). Reproductive efficiency is low with cattle and buffalo on average producing 
only one calf every 15 months and 20 months, respectively (Nampanya et al. 2014b). 
Calf survival is poor, with annual calf morbidity of 42.6% and calf mortality of 37.3% 
reported in 2010 (Rast et al. 2014). It is likely that the level of reproductive efficiency 
in these systems is inadequate in replenishing animal stocks at the current and 
growing rate of red meat demand in Asia (Smith et al. 2015). Interventions to improve 
animal health that lead to enhanced reproductive efficiency are needed to enhance 
smallholder livelihoods and establish regional food security. 
Toxocara vitulorum is a tropical gastrointestinal nematode parasite that affects cattle 
and buffalo calves less than three months of age and is considered a major 
impediment to efficient breeding (Starke-Buzetti 2006). T. vitulorum is endemic in 
upland Laos with a 22.6% prevalence observed in calves less than four months of age 
and a village prevalence of 76.8% identified in 2013 (Rast et al. 2013b). While T. 
vitulorum burdens were assessed to be in the moderate range for buffalo at 7573.3 
eggs per gram (EPG) and low range for cattle at 2795.3 EPG (Rast et al. 2013b), these 
burdens are potentially pathogenic due to the concurrent low nutritional status of 
livestock (Starke-Buzetti 2006; Nampanya et al. 2014a). As T. vitulorum faecal egg 
count positivity has been previously associated with an increased likelihood of calf 
morbidity by 1.9 times and calf mortality by 2.6 times in Laos (Rast et al. 2014), it is 
strongly suggested that T. vitulorum impedes reproductive efficiency in Laos and 
requires intervention to manage infestations. 
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T. vitulorum pervades herds by inhabiting female adults through oral ingestion of 
hatched larvae from calf faeces (Roberts 1990). Larvae migrate mainly to the liver 
where they remain stable for 2-3 months but do not mature or cause patent infection 
(Roberts 1990). Two days before parturition, larvae migrate to the mammary gland 
and pass into the milk (Roberts 1990). Suckling calves infested with T. vitulorum have 
mature worms residing in the duodenum, inhibiting the absorption of nutrients resulting 
in poor weight gain, weight loss, diarrhoea, constipation, anorexia, ill-thrift and 
stunting, and is associated with 30-80% mortality rates (Roberts 1989b; Starke-Buzetti 
2006). The housing of adults among calf faeces is the customary link to adult infection 
and is prominent in Laos where calves are rarely weaned or managed (Matsumoto et 
al. 2017).  
Toxocariasis is endemic to Laos, where a study found that only 2.5% of farmers treat 
calves with the orally-administered anthelmintic pyrantel at the recommended dose 
(125 mg/10kg) and age (14-21 days) (Rast et al. 2014). Instead, the majority (60%) of 
farmers attempt to treat their calves using home remedies and/or incorrectly applied 
anthelmintics and antibiotics which have poor or nil efficacy against nematodes (Rast 
et al. 2013b; Rast et al. 2014). This is despite pyrantel being readily available and 
economical with a calf dose costing USD0.30–0.40 and yielding estimated net benefits 
of USD7.50 per calf on Lao farms with 50% calf mortality and morbidity, similar to 
actual rates in Laos (Rast et al. 2014). When used correctly, high efficacies of 97-
100% have been demonstrated against immature and mature parasites, respectively 
(Roberts 1989b), and could be a simple intervention to enhance large ruminant 
productivity in Laos.  
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However, control of T. vitulorum with the simple recommended treatment of pyrantel, 
has not achieved sustained adoption in many smallholder farms in South-east Asia for 
several reasons. Firstly, administration at the narrow range of efficacy of 10-16 days 
of age (Rast et al. 2014) is challenging because calving periods are random due to 
lack of controlled breeding (Matsumoto et al. 2017). Additionally, dams can calve away 
from the homestead in communal or forested areas, with farmers subsequently unable 
to age calves accurately (Rast et al. 2013b). Secondly, farmers lack infrastructure to 
restrain and identify animals in a systematic way. Thirdly, the remote locations of many 
farmers may isolate them from government supported animal health services, 
reducing access to veterinary treatments and expertise. Finally, farmer lack of 
knowledge of the clinical signs of endoparasitism may also inhibit motivation for 
treatment, especially as farmers may be complacent with current levels of low animal 
productivity in subsistence agriculture.  
To address these challenges, the administration of anthelmintics incorporated in multi-
nutrient molasses blocks has been considered as a potential intervention to ease 
administration while enhancing underlying nutrition (Windsor et al. 2018a). The 
purpose of multi-nutrient molasses or urea molasses blocks (UMB) is to provide 
energy, minerals, vitamins and nitrogen to rice straw and native grass diets, where 
they are lacking (Makkar 2007). The resulting enhancements to ruminant productivity 
can be further increased when anthelmintics such as fenbendazole (FBZ) are included 
in block formulations by reducing parasite infestations (Makkar 2007). Previous 
studies have shown that feeding cross-breed cattle or buffalo heifers 0.35-0.38 mg of 
FBZ/day incorporated in UMB for one week every five weeks or up to three months 
during the rainy season can significantly lower nematode burdens, increase live-
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weight gain and increase milk yield compared to control heifers (Sanyal and Singh 
1995b; Sanyal and Singh 1995a; Waruiru et al. 2003). FBZ incorporated UMB have 
also been used to treat immature and adult gastrointestinal parasites in calves with 
the administration of 0.5 mg of FBZ/day in nutrient blocks for 3-10 days resulting in 
99% efficacies against gastrointestinal parasites and having no adverse effects on calf 
health (Blagburn et al. 1987). Based on these positive findings, this study aimed to 
generate baseline efficacy data on FBZ incorporated nutrient blocks on T. vitulorum 
as a potential intervention to improve reproductive efficiency in Laos by reducing calf 
morbidity and mortality.  
4.2. Materials and Methods 
4.2.1. Study site, farmer selection and block supplementation 
Three field trials were conducted in the northern province of Luang Prabang in 2015, 
2016 and 2018 to assess the effect of: (1) conventional orally-administered pyrantel; 
(2) access to FBZ medicated molasses blocks (FMB); (3) access to non-medicated 
molasses blocks (MB); and (4) no blocks (control) on calf weight and T. vitulorum EPG. 
In addition to its proven efficacy, FBZ was selected for inclusion in blocks over other 
anthelmintics because it is the most stable anthelmintic for incorporation in UMB (Rafiq 
et al. 2004), it is considered low risk with a safety index of 67 in cattle, it does not 
require a milk withholding period (Garg et al. 2007), and does not have teratogenic 
effects or risks to pregnant animals (Heggem 2008). The trials were aligned with the 
livestock development project, ‘Development of a biosecure market-driven beef 
production system in Lao PDR’, funded by the Australian Centre for International 
Agricultural Research (ACIAR 2015) and conducted by The University of Sydney in 
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collaboration with the Lao Department of Livestock and Fisheries (DLF). The use of 
animals, humans, and trialling techniques were approved by the University of Sydney’s 
Human and Animal Ethics Committee (project no. 2014/783 and 2015/765, 
respectively). 
Villages were recruited into the study following consultation with senior veterinarians, 
Lao DLF and district officials, based on the criteria that villages had: (1) high level of 
cooperation of farmers, village elders and village veterinary workers; (2) interest in 
adoption of technology to improve animal health and husbandry; (3) at least 40 
households; (4) a total number of cattle and buffalo exceeding 100 head; and (5) road 
access. Farmers were subsequently selected based on discussions between the Lao 
DLF staff, village headman and project staff members. Treatment administration, 
sampling and laboratory analyses were conducted by the Luang Prabang Provincial 
Agricultural and Forestry Office (PAFO) and district Agricultural and Forest Office 
(DAFO) staff in collaboration with researchers from The University of Sydney.  
FMB and MB treatments were sourced from 4 Season Company Pty Ltd in Brisbane, 
Australia, and composition is presented (Table 4.1). Blocks measured 400 x 180 x 260 
mm, contained FBZ at a standard rate of 0.5 g/kg (Sanyal and Singh 1993) and were 
distributed to households at a rate of one block/20 large ruminants. Farmers were 
instructed to place blocks on elevated stands under shelter and request new blocks 
when the previous blocks were consumed. Due to unrestricted animal movement in 
smallholder farms, adult bovids also had access to blocks making calculations of calf 
consumption limited to estimates. Pyrantel tablets (125 mg/10 kg) were administered 
orally on day 0. Animals were maintained under normal management conditions 
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typified by free grazing road side and paddy line grass during the day and housing at 
night where they had unrestricted access to blocks.  
Table 4.1. Constituent ingredients (g/kg) of fenbendazole 
medicated molasses blocks (FMB) and non-medicated molasses 
blocks (MB) 
Constituent FMB (g/kg) MB (g/kg) 
Molasses  520 520 
Salt  100 100 
Bypass protein 
meal  
80 80 
Total protein  34 34 
Magnesium  40 40 
Calcium  27 27 
Sulphur  14 14 
Phosphorus  13 13 
Zinc 0.2 0.2 
Copper  0.12 0.12 
Cobalt  0.02 0.02 
Selenium 0.022 0.022 
Iodine  0.017 0.017 
Fenbendazole 0.5 - 
 
4.2.2 Experimental design of each trial 
The number of calves allocated to each treatment and their villages are presented 
(Table 4.2). The sample size used was based on negotiations between researchers 
and staff at the DLF, and calf availability on farms. In 2016 and 2018 at least 35 
animals were selected per species to approach sample sizes used by Rast et al. 
(2013b). The 2015 pilot trial was conducted in July-August (wet season) and consisted 
of 13 cattle and buffalo calves selected from two villages in Luang Prabang province. 
The villages were randomly allocated either FMB or MB treatments. Calf samples were 
taken 21 days prior to block supplementation, day 18, 28 and 48. The 2016 trial was 
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conducted in February-April (dry season) and consisted of 156 cattle and buffalo 
calves. Eight villages were randomly allocated to one of four treatments: pyrantel (n = 
2); FMB (n = 3); MB (n = 2); and control (n = 1). Calf samples were taken on day 0, 7, 
28 and 48. The 2018 study was conducted in January-March (dry season) and 
consisted of 46 cattle calves. Farmers (n = 11) from three villages were randomly 
allocated FMB, MB and control treatments. Calf samples were taken on day 0, 14, 28 
and 56. A subset of five farmers were surveyed on basic parasite knowledge and their 
blocks were weighed at the last data collection to estimate rate of block consumption. 
Due to many households only having one calf available, all calves per household were 
selected per trial. Households were selected from a randomly ordered list until 
adequate calf numbers were achieved, and households had to be willing to participate 
in the study.  
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Table 4.2. Summary of the number of calves per village and their treatment in 
trials conducted on smallholder farms in Northern Lao PDR 
Village Treatment n cattle n buffalo N 
2015 
Pik Yai FMB - 2 2 
Pak Si MB 3 8 11 
Total  3 11 13 
2016 
Hard Kham Pyrantel - 6 6 
Hard Phang FMB 13 6 19 
Houay Paen FMB 27 1 28 
Kone Kham Control 31 - 31 
Pak Jak MB 32 - 32 
Pak Si FMB 8 6 14 
Par Nor Pyrantel 11 6 17 
Pik Yai MB - 9 9 
Total  122 34 156 
2018 
Hard Phang FMB 2 -  
 MB 3 - 5 
Kone Kham Control 23 - 23 
Pak Si FMB 12 -  
 MB 6 - 18 
Total  46 0 46 
n: size of sample, N: total number of samples, FMB: fenbendazole medicated 
molasses blocks, MB: Molasses blocks, Control: no blocks 
 
4.2.3. Sample collection and faecal egg count analysis 
On predetermined days, individual rectal faecal samples were collected, stored in zip-
lock bags in 3% formalin and stored in a portable cooler until being transferred to a 
local laboratory refrigerator. Calf age at day 0 (≤ 1, 1 < Age ≤ 2, 2 < Age ≤ 3, 3 < Age 
≤ 4 months), girth (cm), body condition score (BCS) (1-5 scale), coat texture 
(normal/abnormal), and the estimated calf value (USD) were recorded on a data 
collection sheet. In the 2015 pilot study, weight (kg) was predicted from girth 
measurements interpreted from a girth tape (Bush et al. 2014b). The 2016 and 2018 
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study used electronic weight scales. The floatation method and a modified McMaster 
egg counting method was used to determine T. vitulorum faecal EPG as well as 
Strongyle egg type EPG (Hansen and Perry 1994). As calves were unlikely to be 
prepatent if sampled at an age when T. vitulorum was present and because T. 
vitulorum egg output is generally prolific (up to 110,000 eggs per day), false negatives 
due to low egg output were considered unlikely (Starke-Buzetti 2006; Rast et al. 
2013b). FEC reduction (FECR) was calculated based on faecal EPG using the formula 
(Dash et al. 1988):  
𝐹𝐸𝐶𝑅 = 100 × (1 − [
𝑇𝑥
𝑇0
] /[𝐶0/𝐶𝑥]) 
where Tx and Cx = arithmetic mean faecal EPG of each treatment and control group 
at the various sampling days and T0 and C0 = arithmetic mean faecal EPG of each 
treatment or control group at day 0.  
4.2.4. Statistical analysis  
All data cleaning was conducted in Microsoft Excel (2016) and all summary statistics, 
variable filtering and analyses was conducted in R statistical package (R Core Team 
2015). FEC status, mean EPG and mean weight were assessed for differences 
between the treatment groups at each sample collection day per trial using univariable 
linear mixed models (LMM) in the asreml package in R (Butler et al. 2009). For FEC 
status, calves were assigned a binary value of ‘1’ if they had a positive EPG and ‘0’ 
for an EPG of 0 (Rast et al. 2013b). In the 2015 study, codes for the farm and the 
laboratory staff conducting the FEC were included as random terms in univariable 
models and in the 2016 and 2018 study, village was also included.  
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Then, univariable LMMs were fitted to cattle and buffalo calf data from 2016 and 2018 
separately for EPG and weight outcome variables to assess associations between the 
available explanatory variables of treatment, day, calf age at day 0, calf gender, BCS, 
coat texture, estimated calf value (USD) and Strongyle EPG. In addition to village, 
farmer and lab staff, calf ID was included as a random term to account for multiple 
observations being taken from the same calf over time. Prior to fitting the models, 
numeric variables were assessed for correlations between them where a cut-off 
criterion of r ≥ 0.65 was used to establish correlated pairs and the variable less 
correlated to the outcome variable of interest was excluded. Variables were then 
assessed for skewness to address the influence of large values. Skewed variables 
underwent a natural log transformation which was retained if improved distributions 
were observed in histogram plots. Variables were also excluded from modelling if more 
than 95% of values were the same. Variables and a two-way interaction between 
treatment and day (to assess treatment effect over time) underwent univariable 
analysis. If the P-value was under 0.2, variables were retained for multivariable 
modelling where backward elimination followed and ended when all predictors had a 
P-value of under 0.1. Variables with a 0.05 ≤ P < 0.1 were considered suggestive of 
significant associations while variables and P-values under 0.05 were considered 
statistically significant. The regression coefficients (β) were interpreted as the rate of 
change of the outcome variable for a one unit increase in the explanatory variable of 
interest, with all other variables kept constant. For the log transformed EPG outcome 
variables, model-based means were back transformed regression coefficients; exp(β). 
Model-based means were graphed for significant interactions to visualise the rates of 
changes.  
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4.3. Results 
4.3.1. Descriptive FEC, EPG and weight results from the 2016 study 
In the early dry season of 2016, T. vitulorum prevalence was 27.0% (95% CI 20.0-
34.0) in cattle and 32.4% (95% CI 25.1-39.7) in buffalo calves. In positive calves, EPGs 
were a mean 3486.1 ± 8071.8 (range = 20-45460) in cattle and 4390.9 ± 7054.4 (range 
= 20-20520) in buffalo. All six villages with cattle had calves FEC positive to T. 
vitulorum and 5/6 (83.3%) villages with buffalo had positive calves.  
FEC prevalence, mean EPG and weight data per treatment over time are presented 
(Table 4.3). On day 0, mean cattle EPGs of the treatment groups ranged from 374-
1016 and FEC positive calves constituted 18-34% across treatment groups. By day 
48, prevalence had decreased across all treatment groups except for the control group 
which increased from 19.4% to 22.6% on day 48. No significant differences in 
prevalence or mean EPGs were observed between the treatments at any day of the 
experiment (P > 0.1).  
Orally-administered pyrantel had the highest FECR at 100% observed 7 days post 
administration. The MB group had FECR at 82.2%, 91.5% and 73.0% at 7-, 28- and 
48-days post treatment. The FMB group had FECR at 81.3% and 83.3% FECR 
observed 7- and 28-days post treatment (Table 4.3). An increase of 308.3% on day 
48 reflects the increased EPG in the control group in this period. Although FMB 
treatment prevalence decreased by half from day 0 to day 7, mean EPG increased 
from 1522 ± 6784 on day 0 to 2057 ± 8227 on day 7.  
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Table 4.3. Toxocara vitulorum faecal egg count (FEC), mean eggs per gram (EPG), FEC 
reduction (FECR) and weight in cattle calves receiving pyrantel, fenbendazole medicated 
molasses blocks (FMB), non-medicated molasses blocks (MB) and no blocks (control) 
during a field trial conducted in Lao PDR, 2016 
Day Variable Pyrantel 
n = 11 
FMB 
n = 48 
MB 
n = 32 
Control 
n = 31 
p-value 
0 No. FEC +ve (%) 2 (18.2) 14 (29.2) 11 (34.4) 6 (19.4) 0.508 
Mean EPG 1016 ± 2848 1522 ± 6784 601 ± 1242 374 ± 1364 0.955 
 Mean weight (kg) 33.5 ± 16.2  32.3 ± 13.1 31.7 ± 10.8 35.5 ± 11.9 0.973 
7 No. FEC +ve (%) 0 7 (14.6) 6 (18.8) 1 (3.2) 0.993 
Mean EPG 0 2057 ± 8227 769 ± 2320 52 ± 287 0.884 
FECR 100 81.2 82.2 -  
28 No. FEC +ve (%) 0 10 (20.8) 4 (12.5) 4 (12.9) 0.967 
Mean EPG 0 950 ± 3026 178 ± 738 19 ± 72 0.870 
Mean weight (kg) 37.5 ± 16.1 35.5 ± 12.4 36.5 ± 10.3 38.5 ± 12.1 0.920 
FECR - 83.1 91.5   
48 No. FEC +ve (%) 1 (9.1) 3 (6.3) 5 (15.6) 7 (22.6) 0.831 
Mean EPG 1.8 ± 6 605 ± 3752 8 ± 20 122 ± 327 0.841 
Mean weight (kg) 44.0 ± 16.3 41.6 ± 12.8 42.1 ± 10.7 43.5 ± 12.0 0.927 
FECR - -308.3 73.0 -  
mean ± standard deviation 
 
In buffalo calves, prevalence was similar across the pyrantel, FMB and MB treatment 
groups at 30.7-33.3% on day 0 (P = 0.952) (Table 4.4). EPGs ranged from 108-3763 
between treatments which was also not significantly different (P > 0.1). Prevalence did 
not differ significantly between treatments at any point in the trial (P > 0.1) and 
decreased for all treatments by day 48 except for the FMB group which returned to 
day 0 prevalence. Similarly, EPGs did not differ significantly between treatments at 
any stage of the trial (P > 0.1) but increased gradually in the MB and FMB group and 
decreased consistently in the pyrantel group. 
On day 0, cattle calves weighed a mean 33.0 ± 12.5 kg (n = 122) and buffalo calves 
weighed 52.1 ± 21.7 kg (n = 34) and had a mean age of 2.5 ± 1.1 (mean ± SD) months 
and 2.2 ± 1.1 months, respectively. Buffalo weight in the pyrantel group was 
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significantly higher on day 0 and 28 but not on day 48, than the other treatments (Table 
4.4). Cattle weight did not differ significantly between the treatment groups at any time 
point (Table 4.3). Cattle and buffalo weight from all treatment groups increased over 
the 48-day experiment. The average daily gain (ADG) was 197.7 ± 80.8 g in cattle 
calves and 231.7 ± 90.2 g in buffalo calves. In cattle, pyrantel and MB treatment groups 
had higher ADG (P = 0.836), and in buffalo calves, MB treatment group had the highest 
ADG (P = 0.794) (Figure 4.1), but these differences were not considered significant.  
 
Table 4.4.Toxocara vitulorum faecal egg count (FEC), mean eggs per gram (EPG) and 
weight in buffalo calves receiving pyrantel, fenbendazole medicated molasses blocks 
(FMB) and non-medicated molasses blocks (MB) during a field trial conducted in Lao 
PDR, 2016 
Day Variable Pyrantel FMB MB p-value 
    n = 10 n = 13 n = 9  
0 No. FEC +ve (%) 4 (33.3) 4 (30.7) 3 (33.3) 0.952 
  Mean EPG 3763 ± 6987 108 ± 331 193 ± 361 0.563 
 Mean weight (kg) 65.8 ± 23.4 47.8 ± 14.9 40.1 ± 19.7 0.032 
7 No. FEC +ve (%) 1 (10.0) 1 (7.7) 2 (22.2) 0.883 
  Mean EPG 844 ± 2669 109 ± 394 107 ± 313 0.836 
28 No. FEC +ve (%) 1 (8.3) 1 (7.7) 2 (22.2) 0.772 
  Mean EPG 118 ± 410 3.1 ± 11.1 320 ± 930 0.460 
 Mean weight (kg) 67.1 ± 18.9 50.9 ± 14.8 45.2 ± 19. 0.037 
48 No. FEC +ve (%) 0 4 (30.8) 2 (22.2) 0.949 
 Mean EPG 0 
3521.5 ± 
9278 
362.2 ± 
1079 0.661 
 Mean weight (kg) 75.5 ± 20.8 57.9 ± 13.8 51.2 ± 17.3 0.506 
mean ± standard deviation 
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Figure 4.1. Average daily gains observed in (a) cattle and (b) buffalo calves receiving 
pyrantel, fenbendazole medicated molasses blocks (FMB), non-medicated molasses 
blocks (MB) and no blocks (control) during a field trial conducted in Lao PDR in 2016. 
P-values generated from univariable generalised linear mixed models where village 
and farmer were random effects. Error bars are ± standard error  
 
4.3.2. Multivariable LMM analysis from the 2016 trial 
The interaction between treatment and day was the only predictor with a suggestive 
effect on EPG (P = 0.062) in cattle from the final multivariable LMM (Table 4.5). EPG 
remained constant in the control group during the trial, while the FMB and pyrantel 
group experienced decreases of approximately 1% per day. The MB group had the 
most rapid rate of EPG decline of approximately 2% per day (Figure 4.2). Cattle weight 
was significantly associated with age at enrolment (P < 0.001), BCS (P < 0.001), the 
interaction between treatment and day (P = 0.002) and the log of Strongyle EPG (P = 
0.068). For each additional month of age at enrolment, and for each additional BCS, 
calves were a predicted mean 7.4 ± 0.8 kg and 6.5 ± 1.6 kg heavier, respectively. 
Based on probability plots (Figure 4.2), pyrantel, MB and FMB treatments had a faster 
rate of weight gain compared to control calves. This was estimated as an additional 
60, 30 and 60 grams (g) per day respectively, compared to control calves where ADG 
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was a predicted 170g. Each additional Strongyle egg detected in calf faecal samples 
was associated with a mean decrease in weight of 70 g. On day 0, calves had a mean 
Strongyle EPG of 2.3 ± 3.6 which decreased to 0.1 ± 3.1 by day 48.  
Table 4.5. Predictors in final multivariable models for Toxocara vitulorum faecal 
eggs per gram (EPG) and weight in cattle calves < 4 months of age during a field 
trial conducted in Laos, 2016 
Variables Levels β SE β exp(β) SE exp(β) p-value 
  EPG    
Intercept - 4.03 1.00 56.39 56.46 0.005 
Treatment Control 0 - 1 - 0.939 
 Pyrantel 0.18 1.43 1.20 1.72  
 FMB 0.67 1.15 1.96 2.25  
 MB 0.70 1.41 1.95 2.74  
Day - 0 - 1 0.01 0.011 
Treatment : Day Control 0 - 1 - 0.062 
 Pyrantel -0.01 0.01 0.99 0.01  
 FMB -0.01 0.01 0.99 0.01  
 MB -0.02 0.01 0.98 0.01  
  Weight (kg)    
Intercept -     0.468 
Treatment Control 0 -   0.192 
 Pyrantel 3.24 3.47    
 FMB -2.62 2.67    
 MB 0.33 3.47    
Age at day 0 
(months)  
- 7.36 0.79   <0.001 
Log Strongyle EPG - -0.07 0.04   0.068 
BCS - 6.52 1.62   <0.001 
Day - 0.17 0.01   <0.001 
Treatment : Day Control 0 -   0.002 
 Pyrantel 0.05 0.02    
 FMB 0.02 0.01    
 MB 0.06 0.02    
β: regression coefficient, SE β: standard error of β, exp(β): back transformed β, SE 
exp(β): standard error of back transformed β, Control: no blocks, FMB: fenbendazole 
medicated molasses blocks, MB: non-medicated molasses blocks, BCS: Body 
condition score 
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Figure 4.2. The interaction effect of treatment and day on (a) mean faecal Toxocara 
vitulorum eggs per gram (EPG) and (b) weight from final multivariable linear mixed 
models generated from a trial which exposed cattle calves < 4 months for 48 days to 
no blocks (control), pyrantel, fenbendazole medicated molasses blocks (FMB) and 
non-medicated molasses blocks (MB) in Laos, 2016 
 
For buffalo, calf age at enrolment (P = 0.016) was the only significant predictor of EPG 
(Table 4.6). For each additional month of age at trial enrolment, buffalo calves had a 
24% decrease in mean EPG. Buffalo weight was associated with the day of the 
experiment (P < 0.001), estimated calf value (P = 0.022) and treatment (P = 0.029). 
For each additional day and estimated USD, calves gained a predicted mean 270 g 
and 20 g, respectively. Buffalo calves receiving FMB and MB were a predicted mean 
17.7 kg and 25.8 kg lighter compared to calves receiving pyrantel.  
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Table 4.6. Predictors in final multivariable models for Toxocara vitulorum faecal 
egg counts (FEC), eggs per gram (EPG) and weight in buffalo calves < 4 months 
of age during a field trial conducted in Laos, 2016 
Variables Levels β SE β exp(β) SE exp(β) p-value 
EPG 
Age at day 0 
(months)  
- -0.28 0.11 0.76 0.09 0.016 
Weight (kg) 
Day - 0.27 0.02   <0.001 
Estimated value 
(USD) 
- -0.02 0.01   0.022 
Treatment Pyrantel 0 -   0.029 
 FMB -17.71 8.45    
 MB -25.78 9.23    
β: regression coefficient, SE β: standard error of β, exp(β): back transformed β, SE 
exp(β): standard error of back transformed β, Control: no blocks, FMB: fenbendazole 
medicated molasses blocks, MB: non-medicated molasses blocks, BCS: Body 
condition score 
 
4.3.3. Descriptive FEC, EPG, weight and fenbendazole consumption results from 
the 2018 trial 
In the early dry season of 2018, T. vitulorum prevalence was 35.6% (95% CI 27.4-
43.8) in cattle calves (n = 46) and all 3 villages were exposed. In positive calves, EPG 
was a mean 1180.8 ± 2208.4 (range = 40-8640) and the mean age at day 0 was 2.2 
± 1.1 months. Proportions of FEC positive calves, their mean EPG, weight and FECR 
at day 0, 14, 28 and 56 are presented (Table 4.7). In summary, 26.1-85.7% of calves 
were FEC positive across the treatment groups at day 0 and mean EPGs ranged from 
382.3-951.4. FEC prevalence did not differ significantly between treatments at day 0 
(P = 0.268) but mean EPG did, being the lowest in the MB group (P = 0.048). FEC 
prevalence and EPG did not differ significantly across the treatment groups for the 
remainder of the trial (P > 0.1). Calves receiving FMB and MB consistently trended 
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downwards in both FEC prevalence and mean EPGs. While both variables trended 
down in the control group from day 0 to day 28, both increased from day 28 to day 56. 
Average weight was approximately 10 kg higher in control calves at day 0 compared 
to FMB and MB calves (27.4-28.9 kg) but this was not deemed significantly different 
at any time-point (P > 0.1).  
 
Table 4.7.Toxocara vitulorum faecal egg count (FEC), mean eggs per gram (EPG), FEC 
reduction (FECR) and weight of cattle calves receiving fenbendazole medicated 
molasses blocks (FMB), non-medicated molasses blocks (MB) and no blocks (control) 
during a field trial conducted in Laos, 2018 
Day Variable FMB MB Control p-value 
    n = 14 n = 9 n = 23  
0 No. FEC +ve (%) 12 (85.7) 6 (66.7) 6 (26.1) 0.268 
  Mean EPG 951.4 ± 2282.4 382.2 ± 656.2 503.5 ± 1571.5 0.048 
 Mean weight (kg) 27.4 ± 9.2 28.9 ± 16.3 39.3 ± 9.9 0.804 
14 No. FEC +ve (%) 7 (50.0) 5 (55.6) - 0.775 
  Mean EPG 431.4 ± 928.5 177.8 ± 298.7 - 0.849 
 Mean weight (kg) 28.3 ± 8.9 29.2 ± 16.4 -  
28 No. FEC +ve (%) 3 (23.1) 4 (44.4) 3 (13.0) 0.647 
  Mean EPG 157.1 ± 397.1 57.8 ± 116.8 19.1 ± 79.2 0.239 
 FECR 99.4 99.4 -  
 Mean weight (kg) 30.9 ± 8.5 32.1 ± 16.8 42.4 ± 9.9 0.822 
56 No. FEC +ve (%) 3 (21.4) 2 (22.2) 6 (26.1) 0.916 
 Mean EPG 60.0 ± 142.7  17.8 ± 29.1 163 ± 372.8 0.783 
 Mean weight (kg) 36.3 ± 9.0 38.9 ± 16.5 47.6 ± 9.5 0.788 
 FECR 98 98 -  
mean ± standard deviation 
 
Cattle from a subset of five farmers receiving either FMB or MB consumed on average 
6204.8 g and 6580.0 g of blocks, respectively, over the course of the trial. This was 
equivalent to 3.1 g of FBZ. The 5 farmers all reported that they were interested in 
purchasing the blocks because it helped manage their stock and improved herd health. 
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All farmers believed their calves had T. vitulorum and two were providing medication 
which cost USD1.30-6.10 per calf. 
4.3.4. Multivariable LMM analysis from the 2018 trial 
The interaction between treatment and day had significant effects on EPG and weight 
in the final multivariable LMM (Table 4.8). FMB and MB calves experienced decreased 
EPGs at a rate of 3% per day while control calves remained constant (P = 0.007) 
(Figure 4.3). For weight, FMB and MB calves gained weight at a faster rate than control 
calves (Figure 4.3). This was predicted to be an additional 10 g and 50 g per day 
compared with control calves, respectively, which had an ADG at 150 g (P = 0.005). 
Age at day 0 was also a significant predictor with each additional month of age at trial 
enrolment associated with an average 12.5 kg increase in weight.  
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Table 4.8. Final multivariable models for Toxocara vitulorum faecal egg counts (FEC), 
eggs per gram (EPG) and weight in cattle calves < 4 months of age during a field trial 
conducted in Laos PDR, 2018 
Predictors Levels β SE β exp(β) SE exp(β) p-value 
  EPG    
Intercept  3.11 0.38 22.3 8.52 <0.001 
Treatment Control 0 - 1 - 0.211 
 FMB 1.93 0.62 6.89 4.26  
 MB 0.81 0.62 2.26 1.41  
Day  0 0.01 1 0.01 <0.001 
Treatment : Day Control 0 - 1 - 0.007 
 FMB 0.03 0.01 0.97 0.01  
 MB 0.03 0.01 0.97 0.01  
Weight (kg) 
Intercept  -1.06 4.96   0.240 
Treatment Control 0 -   0.307 
 FMB 5.00 6.83    
 MB 16.08 6.16    
Age at day 0 
(months)  
 12.50 0.69   <0.001 
Day  0.15 0.01   <0.001 
Treatment : Day Control 0 -   0.005 
 FMB 0.01 0.01    
 MB 0.05 0.01    
β: regression coefficient, SE β: standard error of β, exp(β): back transformed β, SE 
exp(β): standard error of back transformed β, Control: no blocks, FMB: fenbendazole 
medicated molasses blocks, MB: non-medicated molasses blocks 
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Figure 4.3. The interaction effect of treatment and day on (a) mean Toxocara vitulorum 
faecal eggs per gram (EPG) and (b) weight from final multivariable linear mixed 
models generated from a trial which exposed cattle calves < 4 months for 48 days to 
no blocks (control), fenbendazole medicated molasses blocks (FMB) and non-
medicated molasses blocks (MB) in Laos, 2018 
 
4.3.5. Changes in calf value over time per treatment in the 2016 and 2018 trial 
In 2016, estimated cattle value at the end of the trial ranged from USD239-281 (Table 
4.9). Overall, the MB group had the largest increase in value of 40% which represented 
an increase of USD80 while the control group had the lowest increase of 13% or 
USD30. For buffalo, estimated value at day 48 ranged from USD231-281 with the 
pyrantel group having the largest increase of 42% which represented an increase of 
USD84. The FMB group had the lowest increase in value of 4.3% or USD10. In 2018, 
estimated value at day 56 ranged from USD143-277. The control group had the largest 
price increase of 9% which represented an increase of USD22 while FMB calves 
decreased in value by 14% or USD23. 
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Table 4.9. Estimated sale price (USD) of calves receiving pyrantel, fenbendazole 
medicated molasses blocks (FMB), non-medicated molasses blocks (MB) and no 
blocks (control) during field trials conducted in Laos in 2016-2018 
Day Variable Pyrantel FMB MB Control 
2016  
0 Cattle 181.8 ± 85.9 203.1 ± 84.1 201.2 ± 79.0 237.9 ± 54.5 
48  238.6 ± 87.6 247.4 ± 79.4 281.3 ± 54.5 268.1 ± 48.9 
 Price change +56.8 +44.3 +80.1 +30.2 
 % increase 31.2 21.8 39.8 12.7 
0 Buffalo 197.9 ± 83.6 221.2 ± 90.6  236.1 ± 97.7 - 
 48  281.3 ± 77.7 230.8 ± 86.1 277.8 ± 83.3 - 
 Price change +83.4 +9.6 +41.7 - 
 % increase 42.1 4.3 17.7 - 
2018 
 0 Cattle - 166.1 ± 98.0 152.8 ± 55.1 255.4 ± 49.5 
56  - 142.9 ± 21.2 159.7 ± 55.1 277.2 ± 52.7 
 Price change - -23.2 +6.9 +21.8 
 % increase - -14.0 4.5 8.5 
mean ± standard deviation 
 
 
4.3.6. Descriptive FEC, EPG and weight results from the 2015 pilot study 
In the early wet season of 2015, T. vitulorum prevalence was 23.1% (95% CI 0.2-46.0) 
in cattle and buffalo calves. In FEC positive calves, mean EPG was 293.3 ± 210.1 
(range = 40-500). At pre-treatment, the MB (n = 11) and FMB (n = 2) group were of 
similar ages of mean 2.5 ± 0.8 and 2.5 ± 0.7 months, respectively. Calves from MB 
and FMB treatments had low mean EPGs at pre-treatment of 45.4 ± 150.8 and 190 ± 
155.6 which decreased to 0 by day 18 and 7, respectively (Figure 4.4). EPGs remained 
low (< 7 EPG) and no calves were FEC positive by day 48. FEC status and mean 
EPGs did not differ significantly between MB and FMB groups at any day of the trial 
(P > 0.1). Weight did not differ significantly at pre-treatment between treatment groups 
with a mean weight of 99.4 ± 34.9 kg in the MB group and 57.0 ± 7.1 kg in the FMB 
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group (P = 0.113). Mean calf weight was higher in the MB group compared to the FMB 
group at day 7 (P = 0.070), day 18 (P = 0.031) and day 28 (P = 0.061) (Figure 4.4). 
This was reflected in a higher ADG of 905.6 ± 545.1 g in the MB group compared to 
387.8 ± 173.2 g in the FMB group.  
 
Figure 4.4. Proportion of Toxocara vitulorum faecal egg count (FEC) positive calves, 
the mean eggs per gram (EPG) and mean weight of calves aged < 4 months of age 
receiving fenbendazole medicated molasses blocks (FMB) (n = 2) and non-medicated 
molasses blocks (MB) (n = 11) during a field trial conducted in Laos, 2015 (*p < 0.1) 
 
4.4. Discussion 
Three field trials conducted in situ from 2015-18, operating under the challenges of 
remote settings, lacking infrastructure and with animals owned and under the care of 
smallholder farmers with limited husbandry skills and knowledge, have developed a 
baseline understanding of the feasibility of FMB to address uncontrolled T. vitulorum 
in upland Laos. The administration of FMB and MB with instructions to farmers in the 
dry season for continuous provision to the herd for 48-56 days, significantly decreased 
predicted mean EPG (P = 0.062, P = 0.005) in comparison to calves not receiving 
blocks. The blocks also significantly increased predicted ADG that was comparable to 
the effect of pyrantel relative to control calves (P = 0.002, P = 0.005). This shows that 
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a combination of anthelmintic and nutrient supplementation can reduce environmental 
contamination and burdens of T. vitulorum during the calving season while promoting 
cattle calf growth. This will likely decrease morbidity and mortality, plus reduce post-
partum anoestrus by improving nutrition for lactating cows, potentially leading to 
improved reproductive efficiency. The positive observations by farmers of the effects 
of the blocks on herd health and ease of herd management appeared to have 
incentivised block adoption in this low-input tropical smallholder production system, 
although further work is needed to optimise FBZ dosing.  
The study confirms that T. vitulorum prevalence is high in upland Laos. Prevalence 
ranged from 23.1-35.6% in cattle and buffalo calves in both the wet and dry seasons 
and is comparable to a 2009-10 study where peak prevalence occurred in 3-10 week 
old calves sampled in the dry season at 37.5% (22.6% overall) (Rast et al. 2013b). 
Our study supports trends that prevalence is higher in the dry season, with average 
EPG of FEC positive calves being lower in samples collected in the wet season of 
293.3 ± 210.1 compared to 1180.8-3486.1 in cattle and 4390.9 in buffalo sampled in 
the dry season. This contradicts epidemiological observations of T. vitulorum 
infestations from other countries where the increased environmental moisture of the 
wet season should favour egg survival and subsequent adult contamination (Roberts 
and Animal 1992; Starke-Buzetti 2006). In northern Laos there is lower frequency of 
calving in the wet season, with < 20% of total calving in that period (Matsumoto et al. 
2017) likely to reduce environmental contamination, leading to fewer maternal 
infections. Further, the occurrence of peak calving from October to December 
(Matsumoto et al. 2017), shortly after peak rainfall from August to September (Baird 
2011), is likely to be conducive to larvae migrating to mammary glands after a period 
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of dormancy in dam tissue (Starke-Buzetti 2006), particularly as in upland Laos, rain 
showers commonly persist in the early to mid-dry season. This trend requires 
substantiation in order to determine appropriate periods when to advise farmers to use 
FMB and when to discourage their use due to low T. vitulorum burdens. This may also 
have important implications on development projects with programs aiming to promote 
wet season calving to maximise green fodder availability. As wet season calving is 
likely to both improve calf growth plus increase the risk of clinical toxocariasis, 
anthelmintic interventions become increasingly important. Hence, further investigation 
of appropriate anthelmintic treatments for smallholders will be integral to enhancing 
large ruminant reproductive efficiency in Laos.  
Anthelmintic treatments can be assessed for effectiveness based on a two-stage data 
analysis procedure of significant statistical differences between treated and control 
groups and efficacies of > 90% (Vercruysse et al. 2001). The results supporting the 
effects of blocks in cattle were the FECR in FMB and MB treatments in 2018 being > 
95%, at 28- and 56-days post block exposure (Table 4.7). Additionally, there were 
positive effects of treatment on T. vitulorum EPG in 2016 (p 0.062) and 2018 (P = 
0.007) where FMB and MB calves had daily decreases in EPG of 1-3% relative to 
control calves which remained constant. Treatment also had significant effects on 
cattle weight in 2016 (P = 0.002) and 2018 (P = 0.005) where FMB and MB calves had 
ADGs 10-60 g higher than control calves. These findings support that FMB and MB 
should be considered to assist in managing uncontrolled endemic T. vitulorum, 
particularly where there is a risk that administration of pyrantel is likely to fail (Rast et 
al. 2014).  
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It is noted that in these trials, the use of the blocks appeared less efficacious than 
pyrantel or various anthelmintic treatments used in similar studies. In 2016, FECR was 
< 90% efficacious at 81.2 and 83.1%, 7 and 28-days post FMB block exposure and 
82.2, 91.5 and 73.0%, 7, 28 and 48-days post MB block exposure in cattle calves 
(Table 4.3). This was lower than pyrantel which reached 100% efficacies 7 days post 
exposure. The efficacies were also not comparable to subcutaneously administering 
ivermectin, doramectin or moxidectin, dosed at 0.2 mg/kg which can achieve FECR of 
99.9%, 98.8%, and 99.6% 8 days following treatment in dairy calves (Avcioglu and 
Balkaya 2011). The lower FECR results in the 2016 trial probably reflects the variable 
FBZ intake which was dependent on the amount of FMB consumed. This potentially 
explains why FMB and MB groups had initial decreases in prevalence that coincided 
with increased average EPG (2016). While calves with subclinical infections potentially 
had adequate doses of FBZ, calves with severe infections may have been shy-feeders 
and received inadequate doses of FBZ. This is consistent with the inefficient use of 
anthelmintics having negligible effects on toxocariasis (Roberts and Animal 1992), 
although still reducing the environmental build-up of parasite eggs. Due to co-reared 
adults also accessing blocks, estimated cumulative calf FBZ intake was unreliable 
which was a limitation of the study. Hence, future assessments of calf intake are still 
needed to allow for the FBZ dose to be optimised. This could be achieved by 
individually penning calves, weighing blocks hourly, and removing once a cumulative 
dose of 5 mg FBZ/kg of body weight is achieved (Blagburn et al. 1987). As this style 
of regimented block consumption is impractical in situ, in addition to optimising the 
dose, further research must identify strategies to prevent underdosing of calves which 
may contribute to the development of anthelmintic resistance (Sutherland and 
Leathwick 2011), in order for the blocks to be viable. Providing additional instructions 
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to farmers to mediate block intake to include shy-feeders may be a starting point. 
Additionally, future trials should assess the willingness of farmers to separate adults 
from calves during block consumption periods and provide adults with unmedicated 
molasses blocks or urea-molasses blocks, as longer-term consumption of 
fenbendazole by lactating cows is not recommended.  
In buffalo, pyrantel was the only effective treatment based on mean EPG decreasing 
rapidly from 3763 on day 0 to 0 on day 48. The lack of a downward trend in average 
EPG over time in FMB and MB groups was probably related to two calves from Paksi 
village developing pathogenic infections during the trial. Further, a confounding factor 
with the buffalo trial was that villages randomly allocated pyrantel treatment were a 
mean 25.7 kg heavier than FMB and MB groups on day 0. Hence, it is possible that 
the inclusion of village as a random term in univariable analysis accounted for 
substantial variability resulting in no significant differences in mean EPG between 
treatments (Table 4.4). Although, the fact that weights differed significantly on day 0 
and 28 between treatments but not day 48, suggests that FMB and MB had positive 
impacts on calf growth. Additionally, the effect of the farm which was included as a 
random effect was potentially inaccurate due to many farms having one observation 
due to only one calf being available on many farms. Due to year-round calving and 
unrestricted animal movement resulting from a lack of fencing, ensuring conformity 
between treatment groups will remain a challenge for in situ field trials in Laos. Future 
studies should invest in pre-screening of buffalo calf weight and consideration of 
conducting co-studies on research farms if available. 
The poor underlying nutrition of calves may explain the observed benefits of MB on 
lowering T. vitulorum prevalence. In 2016, calves in the MB group experienced 
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reduced prevalence from 34.4% on day 0 to 15.6% by day 48 and in 2018 from 66.7% 
prevalence to 22.2%, respectively, and MB calves had ADGs comparable to pyrantel 
calves. While this effect could be attributed to calf ability to self-clear the parasite 
increasing with age (Roberts 1989b), it is feasible that there were nutritional benefits 
of MB on immune system responsiveness. This has been previously demonstrated in 
Laos where MB had therapeutic benefits on the internal parasite Fasciola gigantica by 
reducing FEC prevalence from 28.9% to 18.96% during 12 weeks post block exposure 
in adult cattle (Windsor et al. 2018a). To enhance nutritional benefits, the addition of 
urea to block composition should be considered in future trials to enhance rumen 
efficacy through nitrogen supplementation and the digestibility of rice straw (Schiere 
et al. 1989; Waruiru et al. 2003). Additionally, future research should investigate the 
benefits of feeding unmedicated-UMB in the dry season when nutritional availability is 
the lowest. In developing countries, this can result in significantly increased milk yield, 
dietary intake, weight, and significantly reduced post-partum anoestrus in lactating 
indigenous cattle (Duressa and Bersissa 2016; Lawania and Khadda 2017). This will 
also eliminate the risks of anthelmintic resistance developing which will be an 
important future consideration, although, currently the likelihood of FBZ resistance is 
low as anthelmintic use is not widely implemented in Laos (Rast et al. 2013b). 
However, in areas heavily infected with T. vitulorum, the addition of anthelmintics to 
urea incorporated nutrient blocks should be assessed.  
Several weight trends were reflected in increased sale price estimates, indicating cost 
benefits of using blocks compared to no blocks. However, the few inconsistencies 
observed between weight and estimated price could be explained by the current 
method of livestock valuations in Laos. These are based on visual assessments of 
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expected meat yield rather than body condition scoring (Nampanya et al. 2015). The 
increases in cattle calf value associated with block use in 2016 of an additional USD14-
50 provides a preliminary guideline of the maximum cost per animal to establish a 
financial incentive for adoption. However, current farmer expenditure of USD1.3-6.1 
to treat T. vitulorum may be a more realistic target. Establishing a block manufacturing 
facility in Laos where molasses is readily available is very likely to lower block prices 
and improve accessibility of smallholders to this technology.  
Five farmers involved in the 2018 trial confirmed that they would be willing to purchase 
the blocks to improve herd management and health on their farms, supporting the 
notion that blocks may be an accepted intervention in low-input settings. Overcoming 
incorrect drug administration will likely remain a challenge (Rast et al. 2014) although 
a variable dosage intake that leads to parasite suppression may be a more sustainable 
approach to toxocariasis control than attempting to eradicate the parasite from the 
herd. Building long-term knowledge is recommended, especially as calf mortality and 
morbidity risk reduces by half when farmers have just ‘a little’ disease knowledge (Rast 
et al. 2014). This should include recommendations to remove calf faeces from animal 
housing regularly and at a minimum weekly, a practice currently performed by less 
than 40% of smallholders (Olmo et al. 2019). While removing calf faeces from animal 
housing has not been proven to reduce parasite burdens in Laos, as T. vitulorum eggs 
survive well in moist, shaded animal pens (Roberts 1989a), this practice may improve 
farm hygiene. Training farmers in faecal egg counting could also be considered in 
future trials because in areas with limited veterinary infrastructure, the technique has 
shown to engage livestock producers with animal health knowledge (Bronsvoort et al. 
2017).  
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Due to limited research infrastructure in Laos, it was necessary to conduct these trials 
in situ. This resulted in considerable variability in age between calves across villages 
from extended calving periods, variability of T. vitulorum prevalence, unrestricted 
animal movement within villages and poor underlying nutrition during the three trials. 
Recommendations to improve future studies include conducting field trials at research 
farms if available, ensuring that nutrition is not a constraint and that the blocks are fed 
in a more rigorous manner to ensure more uniform dosing of FBZ. Animals should be 
pre-tested and eliminated from the trial if parasite burden is too low or weight and age 
are not within reasonable thresholds. The addition of urea to FMB should also be 
assessed for potential to enhance productivity of dams and calves in the dry season. 
For future in situ trials, studies should instruct farmers to mediate the intake of shy-
feeders and promote adoption of complementary practices such as removing calf 
faeces regularly. Future trials need to continue developing trusting working 
relationships with smallholders to incentivise participation developed through ongoing 
support. Although future work is needed to substantiate the weight gain and parasite 
mitigating properties of medicated molasses blocks, the current study succeeds in 
demonstrating the potential role of FMB and MB under field conditions in smallholder 
farms in Laos. Particularly, where adoption of conventional anthelmintics has failed 
and a novel approach to improving bovid production efficacy has been shown to have 
considerable potential.  
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Abstract 
Context. Smallholder beef farming in Lao People’s Democratic Republic (Laos) is 
constrained by poor reproductive performance, contributing to regional food insecurity. 
To address this, interventions were promoted in some rural communities by extension 
services to enhance cattle and buffalo nutrition, health, and reproductive husbandry. 
Aims. This study assessed the impacts of these interventions on cattle and buffalo 
reproductive performance. 
Methods. Knowledge, attitude and practice (KAP) surveys were conducted on 
smallholder farmers in 2015 (n = 637) and 2018 (n = 226). With written records lacking 
on these farms, the survey relied on farmer recall of the number of calves born in the 
previous 12 months and the number of female cows (>12 months of age) present. The 
 146 
 
ratio of these, calves/female cows, was used as an indicator of reproductive 
performance.  
Key results. This proportion was higher in 2018 at a predicted mean 0.27 calves/cow 
compared to 2015 at 0.21 calves/cow (P < 0.001), suggesting a beneficial effect of 
interventions over time. Specifically, reproductive performance improved with 
increasing land dedicated to forages (P < 0.001) and increased farmer market-
orientation (P = 0.006). An interesting finding was that farmers who believed that 
selling sick large ruminants stopped the spread of disease had enhanced reproductive 
performance (P = 0.008). Whilst the practice of culling animals of low reproductive 
performance is desirable, in countries where foot-and-mouth disease (FMD) is 
endemic, it is important to discourage practices that increase infectious disease 
transmission risk.  
Conclusion. As reproductive knowledge interventions were not associated with 
reproductive performance, introducing interventions such as castration and weaning 
to consolidate reproductive knowledge is recommended as well as addressing 
challenges that limit forage adoption; and debunking misconceptions on effectiveness 
of biosecurity. 
Implications. The use of evidence-based research helps inform the selection of 
interventions required to best enhance reproductive efficiency, potentially leading to 
improved reproductive performance of smallholder large ruminant systems in Laos 
and beyond. 
Key words: Bos indicus, Bubalus bubalis, Knowledge, attitude and practice survey, 
Reproductive efficiency, Smallholder farmers, Southeast Asia 
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5.1. Introduction 
In many developing Southeast Asian countries such as Lao People’s Democratic 
Republic (Laos), up to 70% of the population are smallholder farmers, directly 
influencing regional food security as the main suppliers of animal products to local 
markets. Smallholder farmers are the traditional custodians of cattle and buffalo 
production, keeping these animals for draught power and manure production to 
support crop cultivation integral for human survival in the tropics. With the rapid 
adoption of mechanised tractors over the last 10 years (Agricultural Census Office Lao 
PDR 2012), large ruminants have been emancipated from their traditional draught 
duties, allowing for an increasingly distinct beef enterprise, rather than for dairy as 
those products are not traditionally consumed in Laos. 
The increased importance of smallholder beef production is being driven by the 
growing global demand for red meat resulting from an expanding middle class and 
growing population in developing countries, especially China and Vietnam, which 
neighbour Laos (McDermott et al. 2010). The resulting increases to cattle and buffalo 
liveweight price, which rose by 500% and 800%, respectively from 2000 to 2012 
(USD/tonne) (FAOstat 2015), presents an opportunity to enhance rural income. This 
has valuable implications on rural poverty alleviation, with currently 36% of children 
under the age of five in Laos suffering from chronic malnutrition (WFP 2019). 
Enhancing smallholder productivity also contributes to global food security with 
agricultural production in developing countries required to increase by 70% by 2050 
to satisfy the growing demand for human nutrition (FAO 2011). 
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While improving large ruminant reproductive efficiency underpins this aim, major 
challenges include the underlying constraints associated with semi-subsistence 
farming. On average, smallholder farms in Laos have 2.1 ha of land which is mainly 
dedicated to growing rice and cash crops (Agricultural Census Office Lao PDR 2012). 
Cattle and/or buffalo are maintained in small herds of 5-15 head (Nampanya et al. 
2014b; Windsor et al. 2018a). They typically free-graze native grass along road-sides, 
forests and communal land and consume rice-straw from post-harvest paddy fields in 
the dry season (Nampanya et al. 2014b). In the wet season, cattle and buffalo are 
typically tethered near the homestead and fed cut-and-carry native grass collected by 
farmers (Nampanya et al. 2014b). Year-round animal undernutrition is increasingly 
common due to growing land scarcity resulting from population growth, transfer of land 
from farmers to investors, reforestation, and cropping intensification (Fujita and 
Phanvilay 2008; Andriesse and Phommalath 2013). Despite this, large ruminant inputs 
remain low with fewer than 2% of households growing improved forages which can be 
shared with other livestock such as pigs (Tiemann et al. 2017), and only 56% and 60% 
of households vaccinating cattle and buffalo, respectively (Agricultural Census Office 
Lao PDR 2012). However, low proportions of the herd receive vaccinations and village 
biosecurity is almost non-existent (Rast et al. 2010; Nampanya et al. 2013). As a result, 
transboundary animal disease outbreaks such as foot-and-mouth disease (FMD) and 
haemorrhagic septicaemia (HS) are common-place and their occurrence is further 
exacerbated by unofficial animal trafficking occurring across Laos to other Southeast 
Asian countries (Smith et al. 2015). Additionally, endemic gastrointestinal parasites 
such as Toxocara vitulorum are uncontrolled and contribute to widespread calf 
malnutrition in Laos (Rast et al. 2013b). With various infectious causes of morbidity 
(Nampanya et al. 2013) and mortality (Nampanya et al. 2014a), animal productivity 
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remains low. Estimated inter-calving intervals (ICI) range from 14-20 months in cattle 
and 19-26 months in buffalo (Nampanya et al. 2014b; Matsumoto et al. 2017). This is 
longer than neighbouring countries reporting 14 month ICI in indigenous cattle and 16 
months in buffalo (Chaikhun et al. 2012; Martojo 2012). Additionally, the absence of 
husbandry practices such as: sex segregation, castration of surplus bulls, or calf 
weaning, also prevents reproductive efficiency (Nampanya et al. 2014b; Matsumoto 
et al. 2017). Peak calving from October to December coincides with the onset of the 
dry season when green leafy fodder is least abundant (Matsumoto et al. 2017), further 
limiting lactation, calf growth and timely re-conception (Stür et al. 2002).  
To address the various constraints to smallholder cattle and buffalo productivity, the 
‘Best Practice Health and Husbandry of Cattle and Buffalo in Lao PDR’ (BPHH) project 
(ACIAR 2012) implemented by the University of Sydney and the Department of 
Livestock and Fisheries (DLF), Laos, facilitated an intervention program from 2009-
2012. Project interventions promoted: FMD and HS vaccinations, parasite 
management, biosecurity, forage establishment, opportunistic fattening and farmer 
training on animal reproductive husbandry. These programs successfully increased 
farmer knowledge on animal nutrition, health and reproduction, with farmer knowledge 
scores increasing from 32-46% in 2010 (Nampanya et al. 2010) to 66.7% in 2014 in 
Laos (Nampanya et al. 2014c). Additionally, these studies demonstrated that fattening 
with improved forage in the wet season could significantly increase average daily gains 
(ADGs) to 320 g in cattle and 217 g in buffalo compared to free-grazing only where 
ADGs of 40 g and 85 g were observed, respectively (Nampanya et al. 2014b). FMD 
and HS vaccinations also successfully prevented disease outbreaks resulting in 
increased animal values of US$78 and US$123 per head of cattle and buffalo, 
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respectively (Nampanya et al. 2014b). While the study succeeded in benchmarking 
cattle and buffalo inter-calving intervals, enhanced reproductive performance was not 
observed in the intervention group, and the study did not assess reproductive 
performance longitudinally (Nampanya et al. 2014b). While there is an accepted 
latency between adoption of improved practices and enhanced reproductive 
performance due to the lengthy gestation period for large ruminants, further 
investigation is needed to identify interventions and factors that effectively improve 
reproductive efficiency within these programs. 
Given that livestock productivity development projects will likely continue to include 
several interdependent production objectives relating to nutrition, animal health and 
reproduction, a suitable investigative approach is needed to enhance the 
understanding of interventions and factors affecting reproductive efficiency in 
smallholder farms over time. It is expected that results identified can help establish 
priority interventions and inform future intervention programs where the focus is likely 
to be increasingly on improving reproductive efficiency for enhanced rural livelihoods 
and regional food security. 
5.2. Materials and methods  
5.2.1. Project design and farmer selection 
This study assessed a three-year project carried out by the University of Sydney and 
the DLF, Laos, ‘Development of a biosecure market-driven beef production system in 
Lao PDR’, funded by the Australian Centre for International Agricultural Research 
(ACIAR 2015). Animal and human ethics approval for the involvement of smallholder 
farms in intervention programs and protocols for conducting surveys including farmer 
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verbal consent were obtained by the University of Sydney Ethics Committee (project 
no. 2015/765 and 2014/783, respectively) prior to this study.  
Smallholder farmers from Savannakhet, Luang Prabang, Xieng Khoung and Xayabouli 
provinces were recruited into the project in 2015 (Figure 5.1). Two districts were 
selected per province (n = 8 districts) and four villages were selected per district (n = 
32 villages) based on discussions between the DLF, district and provincial-level 
agricultural and forestry office (DAFO and PAFO) staff and local village chiefs. 
Collectively they assessed the following inclusion criteria: (1) a high level of 
cooperation and willingness among farmers, village authorities and government staff; 
(2) high potential for farmer uptake of technologies and interventions such as adequate 
land for forage development; (3) at least 200 cattle in the village; (4) at least 10 km 
between villages; and (5) year-round road access. The project provided a high 
intervention (HI) program and a medium intervention (MI) program, randomly assigned 
to villages resulting in two MI and two HI villages per district. Interventions were 
gradually implemented from 2015-18. The HI program was a scaled-up version of the 
program originally developed by the BPHH project from 2009-12 (Nampanya et al. 
2010; ACIAR 2012; Nampanya et al. 2014c). The HI program consisted of animal 
health interventions (FMD and HS vaccinations, parasite management, and 
biosecurity practices), nutritional interventions (farmer training and assistance with 
forage establishment and opportunistic fattening), reproductive interventions (farmer 
training on breeding management) and marketing interventions (farmer training on 
beef market chains) on smallholder farms. This was facilitated by extension workers 
and household representatives who participated in a series of 2-3-day workshops and 
subsequently provided on-the-job training to remaining farmers. The MI program 
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included the same interventions as the HI program without the reproductive and 
marketing interventions, to provide a comparison while incentivising sustained farmer 
participation. This differed from the BPHH project where a low intervention (LI) 
program was provided instead of a MI program and only included livestock 
vaccinations. Based on advice from in-country leaders, it was decided to implement a 
MI program instead to broaden the livelihood impacts of the project and to satisfy the 
growing number of farmers interested in government programs. The multidisciplinary 
intervention program focussed on vaccination and forage establishment as the key 
entry-point interventions to motivate farmer engagement with knowledge-based 
interventions. While the program was not centred on improving reproductive 
performance, an understanding of the effect of current interventions on reproductive 
performance was deemed a key project outcome to assist future projects prioritise 
reproductive interventions. 
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Figure 5.1. Map of provinces and districts involved in knowledge, attitudes and 
practices (KAP) surveys conducted on smallholder in Lao PDR, 2015 and 2018 
 
5.2.2. Knowledge, attitude and practice survey collection 
A baseline and an end-point knowledge, attitude, and practice (KAP) survey was 
conducted from October-November of 2015 and February-May of 2018, respectively, 
on households which were the experimental unit. In 2015, approximately 20 farmers 
were randomly selected from each village (n = 637) from a list of ~25 farmers per 
village. In 2018, a subset of the same farmers were re-interviewed. Approximately 10-
15 farmers were randomly selected from half the villages, ensuring that one HI and 
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one MI village per district was included from the original participants (n = 226). A 
smaller sample was interviewed in 2018 compared to 2015 to account for farmers no 
longer wishing to participate and to reduce the logistical constraints of travelling to all 
32 villages on government staff.  
5.2.3. Survey design and collection 
The survey was an updated KAP survey developed by the BPHH project (Nampanya 
et al. 2010) and was purposefully used to allow questions to be augmented based on 
feedback from previous survey personnel. In summary, the KAP survey (available from 
corresponding author upon request) consisted of 66 open-ended and closed 
questions. The opening section captured farmer details including: name, gender, 
ethnic group, age and village. Section One focused on KAP relating to land, economics 
and marketing. Farmers were asked how much land was dedicated to: paddy rice, 
upland rice, crops and forage. Based on the understanding that land used by livestock 
overlaps with rice fields which large ruminants graze post-harvest or overlaps with the 
homestead area where they are tethered in the wet season or the cattle shed is 
located, the option of ‘other’ was provided to farmers to classify these areas. Farmers 
were asked to approximate their income from the last 12 months from: rice, non-rice 
crops, small livestock (pigs, chickens, goats, ducks), large ruminants (cattle and 
buffalo) and non-farm enterprises. The non-farm category accounted for increasingly 
pluriactive livelihoods in Laos with households commonly relying on paid work from 
outmigration, factory work and services sector to be viable (Andriesse and 
Phommalath 2013). Farmers were asked how many livestock they currently owned, 
and the number sold, purchased, deceased, born and slaughtered in the last 12 
months and how they negotiated livestock sales. Section Two assessed farmer 
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knowledge and attitudes relating to animal health (parasites and infectious diseases), 
nutrition, and reproduction. Section Three focused on farmer practices relating to 
vaccination, biosecurity, feeding and breeding. The survey was designed to allow 
analyses of several aspects of production. This manuscript exclusively focused on 
reproductive performance as outcome variables.  
The survey was drafted in English, translated to Lao language and back translated to 
English to identify and correct translational errors. It was then implemented in Laos 
language. Both the length and complexity of the survey were kept to a minimum to 
promote continued farmer engagement and participation. The survey team consisted 
of DLF, DAFO and PAFO staff who received training on survey content and delivery 
prior to survey collection. The interview was conducted one-on-one to avoid farmers 
being influenced by the group dynamics and occurred at meeting places at each 
village. The interviews took 20-30 minutes each to complete. 
5.2.4. Data management and statistical analysis 
Survey answer sheets were transcribed into Microsoft Excel (2016) where data 
validation tools were used to minimise entry errors and all entries were double-
checked. All statistical analysis proceeded in R statistical software (R Core Team 
2015). 
5.2.4.1. Assessment of farmer knowledge on reproduction and associated variables  
Knowledge questions were assigned a ‘1’ for a correct response and ‘0’ for an incorrect 
response or if farmers answered; ‘I don’t know’. First, univariable logistic generalised 
linear mixed models (GLMM) were fitted to assess whether responses to individual 
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reproductive questions varied between intervention groups per year and codes for 
province, district and village were included as random effects. GLMM fitting were 
conducted using the ‘asreml’ function in the asreml package in R (Butler et al. 2009). 
The nine reproductive knowledge questions were then summarised into a reproductive 
knowledge score (RKS), representing the total number of correct responses. The 
score was used as an ordinal scale variable where explanatory variables were 
assessed for their effect on these scores using ordinal logistic mixed models (OLMM), 
with the same random effects listed above. Survey responses from other questions 
were considered explanatory variables, where knowledge and attitude questions were 
assessed as proportions calculated as the total number of correct responses out of 
the total number of questions for marketing (/3), parasites (/6), infectious disease (/7), 
and nutrition (/4). Variables were then filtered for inclusion in multivariable modelling. 
Firstly, variables with more than 95% of responses being the same were excluded, 
followed by variables less correlated to the outcome variable of interest from correlated 
pairs (|r| > 0.65) to address collinearity. To reduce the effect of influential values, 
continuous variables were assessed for skewness using histograms. Variables with 
noticeable skewness underwent logarithmic transformations which were retained if 
improvements were observed in histogram plots. Finally, variables with missing values 
were imputed based on assessment of responses to similar or related questions where 
possible. For example, missing responses to, ‘Do you practice fattening?’, were 
converted to ‘0’ if farmers also did not report growing any forage. This was based on 
the understanding that communal land is increasingly scarce and inadequate in 
supporting wet season weight gain (Kosaka et al. 2006; Fujita and Phanvilay 2008). 
When farmers were asked to rank the importance of their farm enterprises from 1-8, 
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missing responses for the cattle enterprise variable were re-assigned as ‘Unknown’. 
Additionally, whether farmers had vaccinated their cattle or buffalo was summarised 
to include both species to reduce missing values. Once the candidate set of predictors 
was identified, variables underwent univariable analysis where codes for province, 
district and village were included as random terms. Variables with P < 0.2 in 
univariable analysis were included in multivariable modelling which underwent 
backward elimination until all variables had a P-value of < 0.1. In the final model, 
variables with 0.05 < P < 0.1 were considered suggestive of associations and variables 
with P < 0.05 were considered significantly associated with the outcome variable. 
OLMM were fitted using the ‘clmm’ function in the ordinal package (Christensen 2018), 
the ‘emmeans’ function in the emmeans package (Lenth 2018) and the 
‘rating.emmeans’ function in the RVAideMemoire package (Hervé 2019) in R. 
5.2.4.2. Assessment of the number of calves born annually and associated variables 
In lieu of traditional reproductive performance indicators, the number of calves born in 
the past 12 months per farm was assessed as a Poisson outcome variable to assess 
reproductive efficiency. Responses to the KAP survey were identified and filtered as 
potential predictors using the same method applied to the OLMM with the exceptions 
that knowledge questions were assessed individually (not as scores) and variables 
were not imputed but kept in their original form. A Poisson GLMM was fitted and 
included an offset for the logarithm of the total number of females (>12 months old). 
GLMM fitting and model-based predictions were also conducted using the ‘asreml’ 
function in the asreml package in R (Butler et al. 2009). Additionally, splines were fitted 
to significant continuous predictors to allow for nonlinear responses but were not 
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retained as demonstrable improvements were not observed in predicted probability 
plots. 
5.3. Results 
5.3.1. Farmer characteristics 
In 2015, 86% and 91% (MI and HI, respectively) of survey respondents were male. A 
higher proportion of females were interviewed in 2018 at 28 and 31% (MI and HI, 
respectively) (Figure 5.2a). Farmer age did not differ significantly between intervention 
groups in 2015 (P = 0.608) where the overall mean age was 48 years, nor in 2018 (P 
= 0.831) where the overall mean age was 51 years (Figure 5.2b). The most common 
ethnic group in 2015 was the Lao group, constituting 65% (180/280) of MI farmers and 
51% (141/277) of HI farmers. The Lue ethnic group constituted the next largest group 
at 14% (40/280) of MI and 21% (57/277) of HI farmers, followed by farmers who were 
a mix of Phoun and Hmong at 14% (40/277) of HI farmers. Khmou, Phoun, Phoutai, 
Tadam and Young/Lao ethnic groups were also present in 2015 but at proportions of 
≤ 12%. In 2018, all ethnic groups were still represented and in similar proportions 
(Figure 5.2c). 
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Figure 5.2. Characteristics of smallholder farmers responding to a knowledge, 
attitudes and practices (KAP) survey in Lao PDR, 2015 and 2018 
 
5.3.2. Summary of farm enterprises 
Annual total farm income in 2015 was USD2758 ± 153 (mean ± standard error) in MI 
farmers and USD3313 ± 146 in HI farmers. Income was lower in 2018 at a mean 
USD2056 ± 183 in MI farmers and USD3066 ± 257 in HI farmers. In 2015, the highest 
proportion of income was generated from non-farm enterprises at 41% in MI and 35% 
in HI farms which was followed by large ruminants at 30% and 26%, respectively 
(Figure 5.3). While the proportions of income generated from non-farm and large 
ruminant enterprises remained constant in HI farms in 2018, income generated from 
large ruminant sales was proportionately higher in MI farms in 2018, outcompeting 
non-farm enterprises as the largest income stream (33%) (Figure 5.3). Income from 
rice and small livestock (poultry, pigs and goats) did not vary between intervention 
groups per year, remaining in a tight range of 14-15% and 6-9%, respectively. Income 
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from non-rice crops was proportionately higher in MI farms (15-17%) compared to HI 
farms (7%) in 2015 and 2018 (Figure 5.3).  
 
Figure 5.3. Stacked bar chart of average income (USD) from enterprises on 
smallholder farms in medium and high intervention groups in Lao PDR in 2015 (n = 
637) and 2018 (n = 226) 
 
Average total land per farmer in 2015 was 2.4 ± 0.1 ha in MI farmers and 2.5 ± 0.2 ha 
in HI farmers. Land size was higher in 2018 at a mean 3.3 ± 0.3 ha in MI farmers and 
2.6 ± 0.2 ha in HI farmers. The largest proportion of land was dedicated to paddy rice 
in both years. This was consistently higher in HI farms where paddy rice accounted 
for 54-60% of land and non-rice crops accounted for 15-26% of land use (Figure 5.4). 
Meanwhile, on MI farms, a higher proportion of land was dedicated to non-rice crops 
at 26-31% and less to paddy rice at 39-41%. Upland rice accounted for small 
proportions of land and overall, was more prominent in Luang Prabang (mean 0.3 ha) 
and Xayabouli (0.4 ha) rather than lowland provinces of Savannakhet (0.05 ha) and 
Xieng Khoung (0.01 ha). Land dedicated to growing forages increased from 2015 (7-
10%) to 2018 (13-25%) across both intervention groups and land dedicated to ‘other’ 
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uses decreased from 8% in 2015 to 4-5% in 2018 (Figure 5.4). Overall, farmers grew 
a mean 0.18 ± 0.04 ha of forage in 2015 but only 12.8% (81/632) of farmers were 
growing forage. This increased to 0.53 ± 0.08 ha in 2018 and 42.2% (95/225) of 
farmers were participating. 
 
Figure 5.4. Stacked bar chart of average land (ha) dedicated to farm enterprises on 
smallholder farms in medium and high intervention groups in Lao PDR in 2015 (n = 
637) and 2018 (n = 226) 
 
5.3.3. Reproductive performance and associated variables 
In 2015, average cattle and buffalo herd size was a mean 11.5 ± 0.6 in MI and 12.9 ± 
0.9 in HI farms. This increased to a mean 15.8 ± 1.3 and 17.2 ± 1.0 by 2018, 
respectively (Figure 5.5). The proportion of average annual calves born increased from 
13% and 14% of the average herd in 2015 to 17% and 16% of the average herd in 
2018 in MI and HI farms, respectively (Figure 5.5). The proportion of adult females in 
the herd remained in a tight range of 60-61% and 57-58% from 2015 and 2018 in MI 
and HI farms, respectively. The proportion of adult males in the herd decreased slightly 
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from 26% in 2015 to 23% in 2018 in MI farms while remaining relatively constant in HI 
farms at 28% in 2015 and 27% in 2018 (Figure 5.5).  
 
Figure 5.5. Stacked bar chart of average number of large ruminants classified as male, 
females or calves born in the last 12 months on smallholder farms in medium and high 
intervention groups in Lao PDR in 2015 (n = 637) and 2018 (n = 226) 
 
Predictors in the final multivariable Poisson GLMM for mean annual number of calves 
in the last 12 months are presented (Figure 5.6). This indicated that the number of 
calves born proportional to the number of cows owned increased from 2015 to 2018 
(P < 0.001); with increasing land dedicated to growing forages (P < 0.001); with 
farmers who obtained multiple quotes before selling large ruminants (practiced by 
70.2% of farmers in 2015 and 74.2% in 2018) (P = 0.006); with farmers who believed 
FMD and HS could be stopped by selling affected large ruminants; with farmers who 
believed it was ok to use the same food and water buckets for sick and healthy large 
ruminants; and farmers who killed large ruminants for family consumption in the last 
12 months (only practiced by 6.5% of farmers) (P = 0.011). Intervention level was not 
included in the final multivariable model as it did not have a significant effect in the 
univariable analysis (P = 0.716). 
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Figure 5.6. Predicted mean number of calves born per cow in the last 12 months on 
farms in Lao PDR from predictors in a final multivariable Poisson regression model. 
LR: Large ruminants; FMD: Foot-and-mouth disease; HS: Haemorrhagic septicaemia 
 
5.3.4. Responses to reproductive knowledge questions and associated 
variables 
Farmers answered approximately half of the reproductive questions correctly, 
resulting in an average RKS at 45% and 48% in 2015 which was slightly lower than 
2018 at 50% and 49% (MI and HI, respectively). The proportions of correct responses 
differed between interventions groups for question 5 (2015) in univariable analysis, 
where more farmers from the MI group (66.4%) answered affirmatively that a cow can 
calf annually compared to HI farmers (54.3%) (P = 0.073) (Figure 5.7). Responses to 
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Question 3 (‘Bull selection can produce better calves’) had the highest proportion of 
correct responses in both 2015 at 77-79% and 2018 at 76-83%. Question 1 (‘If my cow 
is being mounted and is very vocal she is not yet ready for breeding’) had the lowest 
proportion of correct responses in both 2015 at 2-3% and 2018 at 2-6% (Figure 5.7). 
Less than 50% of farmers responded correctly to Questions 2 and 6, related to 
gestational nutrition and age of puberty attainment, respectively (Figure 5.7). Farmer 
responses to Questions 7-9 increased consistently in both intervention groups from 
2015 to 2018, with 58-71% of responses correct (Figure 5.7). By contrast, responses 
to Questions 4 and 5 were consistently lower in 2018 compared to 2015 but these 
differences were not significant (P > 0.05).  
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Figure 5.7. Percentage of smallholder farmers answering questions on large ruminant 
reproductive knowledge correctly in medium and high intervention groups in Lao PDR 
in 2015 (n = 637) and 2018 (n = 226). *p = 0.073 from univariable generalised linear 
mixed model with province, district and village coded as random terms 
 
Additional descriptive results were that in 2015 no MI farmers practiced castration of 
unwanted male large ruminants to control breeding compared to 3.3% of HI farmers. 
By 2018 this increased to 1% in MI farmers and decreased to 2% in HI farmers. Less 
than 5% of farmers reported providing treatment for T. vitulorum to calves less than 4 
weeks old; this was slightly higher in 2018 at 4.9% in MI farms and 4.8% in HI farms, 
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compared to 2.9% and 2.8% in 2015, respectively. In 2015, 45.7% of MI farmers and 
40.8% of HI farmers reported removing manure from cattle houses, increasing to 
62.9% and 64.6% in 2018, respectively. Only 9.7% of MI farms and 13% of HI farmers 
had built fattening pens and were practicing some form of fattening in 2015, increasing 
to 15.6% and 15.3% in 2018, respectively.  
Predictors in the final multivariable OLMM for RKS are presented (Figure 5.8). This 
showed that higher RKS were associated with: surveys conducted in 2018 compared 
to 2015 (P < 0.001); farmers with higher disease knowledge scores (P < 0.001); 
farmers who reported isolating large ruminants for treatment immediately after they 
become sick (P = 0.042); farmers who raised cattle (with farmers raising cattle and 
buffalo having lower RKS and buffalo farmers having the lowest) (P = 0.022); farmers 
with higher nutrition knowledge scores (P < 0.001); and farmers with higher parasite 
knowledge scores (P = 0.090). Intervention level was not included in the final 
multivariable model as it did not have a significant effect in univariable analysis (P = 
0.415). 
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Figure 5.8. Predicted probability of farmers achieving reproductive knowledge scores 
(RKS) in 2015 and 2018, Lao PDR, from predictors in a final multivariable ordinal 
regression model. B: buffalo; CB: cattle and buffalo; C: cattle; LR: Large ruminants 
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5.4. Discussion 
Despite the low productivity of large ruminants on low-input smallholder farms in Laos, 
they are the main source of household income (26-33%), indicating that strategies to 
enhance productivity can benefit incomes and livelihoods. As part of a cattle and 
buffalo productivity development project, strategies identified to improve reproductive 
performance and farmer reproductive knowledge included: facilitating forage growing 
to enhance animal nutrition; encouraging farmer involvement in cattle marketing; and 
challenging misconceptions and misunderstandings surrounding biosecurity 
knowledge, particularly because knowledge was shown to effect livestock practices. 
Increased inclusion of buffalo farmers in extension activities for cattle is recommended 
as they currently appear marginalised and continued effort to address constraints to 
forage adoption are required to achieve sustained and equitable agricultural 
development. 
Observed improvements to reproductive performance (P < 0.001) and farmer 
reproductive knowledge (P < 0.001) between 2015 and 2018 suggest effects of the 
introduced interventions. However, as intervention level (medium vs. high) was not a 
significant predictor in either final multivariable model, it appears that interventions 
exclusive to the HI group (marketing and reproductive interventions) did not yield 
benefits and should be revisited for further development. This is supported by 
reproductive knowledge remaining relatively low in 2018 (RKS at 49-50%) (Figure 5.7), 
and participation in castration or treating calves for T. vitulorum at < 5%. This suggests 
that focusing on reproductive concepts was inadequate in enhancing reproductive 
knowledge and practices within an intervention program with several production 
objectives. Increasing the focus on reproductive practical training may motivate 
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learning and assist farmers apply and consolidate the formal knowledge presented 
during training, as occurred with nutrition and health interventions. Previously 
recommended reproductive interventions include sex segregation or castration, breed 
selection, oestrus detection and calf weaning (Nampanya et al. 2014b; Matsumoto et 
al. 2017). However, as castration and weaning interventions are perceived negatively 
due to cultural superstitions (Matsumoto et al. 2017), suitable evidence of the benefits 
will need to be established through field trials. These might include weaning calves 
prior to six months of age and feeding at least 14-16% crude protein (Rasby 2007) 
from forage legumes. Once farmer adoption and livelihood benefits are achieved, 
combining with castration performed by experienced animal health workers (Martins 
et al. 2011) may be considered. Alternatively, removal of surplus male calves at 
weaning for sale as store weaners may be a less invasive initial strategy to introduce 
bull selection and reduce the proportion of males in the herd, reported at 27-29% of 
the herd in the 2018 KAP survey. It is expected that farmers experimenting with cross-
breeding imported cattle, although still in the vast minority (Agricultural Census Office 
Lao PDR 2012), may be ideal candidates for successful adoption of reproductive 
interventions due to being motivated by a desire to profit from their investments, and 
could foster effective peer learning.  
Interventions promoting forage growing had significant effects on reproductive 
performance with increasing land dedicated to forages being a predictor of the annual 
number of calves born (P < 0.001) (Figure 5.6b). This was likely achieved by improving 
liveweight gain. This is consistent with female weight being a determining factor of the 
onset of puberty, success of conception and foetal, calf and cow survival (Burns et al. 
2010). Average forage plot size was approximately 0.18 ha in 2015, associated with 
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an annual calving rate of 0.23 calves/cow (Figure 5.6b). This increased to 
approximately 0.53 ha in 2018 and was associated with 0.24 calves/cow per annum. 
Arising from the lag response of reproductive outputs due to the gestation period, 
further monitoring may identify continuing improvements to calving efficiency in 
subsequent years (Young et al. 2014a). The observed forage adoption rates were 
similar to rates observed in Northern Laos in 2009 following similar interventions 
(Nampanya et al. 2010) and collectively demonstrate that access to improved forage 
variety seed and assistance with forage growing can facilitate short-term adoption. 
Regarding the ideal amount of forage to grow, predicted means (Figure 5.6b) showed 
that calving rate increased linearly with increasing forage grown, with two ha 
associated with a calving rate of 0.25 calves/cow when all other variables were held 
constant. However, it is not recommended that all smallholders grow ≥ two ha of 
forage, as resource constraints will likely lead to unsustainable trade-offs from crop-
production (Millar and Photakoun 2008). Instead, 0.4 ha per household may be a more 
achievable initial target in combination with targeting feeding to certain animals, rather 
than indiscriminately feeding to the whole herd which likely occurred in most 
households. This approach has been successful in neighbouring Cambodia, 
increasing net profit by USD14 over a six-month wet-season period, compared to 
feeding the entire herd, which was equal to approximately 60% of establishment costs 
which included: land preparation, fencing, irrigation, and fertiliser (Ashley et al. 2016). 
With only 15-16% of farmers practicing some form of fattening by 2018, increased 
emphasis on adoption is required as farmer participation in fattening was associated 
with increasing the number of calves born on smallholder farms in Cambodia in 2012 
(Olmo et al. 2017). Farmers practicing fatting are likely to have improved animal 
nutritional knowledge and awareness which presumably has flow on effects to 
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breeding animals. Future programs may be able to hasten the improvements to 
reproductive efficiency by promoting target feeding of forages to pregnant females 
facilitated by enhanced pregnancy diagnostics, instead of feeding across the whole 
herd. While forage growing is widely advocated for beef development in low-input 
farms, continued effort is also needed to address the lack of water and labour and the 
high cost of fencing and irrigation (Millar and Photakoun 2008) to enable sustained 
and equitable benefits from forage intensification.  
Obtaining quotes from more than one trader prior to selling cattle and buffalo was 
associated with increased reproductive efficiency (P = 0.006) (Figure 5.6c). While this 
practice was advocated exclusively to the HI group, as participation was already 
70.2% in 2015 and only increased to 74.2% in 2018, it is likely that this practice has 
been driven by the recent exposure to external market forces in Laos. Previously, 
government control of retail pricing in provincial markets and quotas on intra-provincial 
trade moderated farm gate prices (Stür et al. 2002). With these restrictions loosened 
in recent decades, combined with beef prices doubling to USD8 per kilo between 2009 
and 2016 (Napasirth and Napasirth 2018), there appears to be less insulation from 
market forces resulting in increased farmer market awareness. The effect of market-
orientation on enhanced productivity has also been documented in smallholder, 
subsistence farms in Ethiopia (Abafita et al. 2016). Econometric analysis showed that 
market-orientation strongly influenced market-participation associated with higher 
value agricultural products and productivity (Abafita et al. 2016). Hence, an essential 
component to improving reproductive efficiency on smallholder farms may be to 
identify farmers with low market participation and educating them on the rising value 
of beef products and the viability of beef as a marketable commodity. This should 
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replace the traditional view of beef as an opportunistic sale item only to be sold when 
funds are desperately needed, rendering farmers as price takers. However, to ensure 
that smallholders achieve sale prices commensurate with increasing animal value, the 
use of objective measurements such as a girth tape, over the current visual 
inspections may more accurately estimate liveweight (Bush et al. 2014b). Additionally, 
updated information on local beef market chains are needed. 
The fact that reproductive knowledge was not significantly associated with 
reproductive performance supports the previous argument that increased focus on 
designing and facilitating practical reproductive interventions is needed. However, 
enhanced reproductive knowledge had indirect benefits on productivity as it was 
positively associated with the practice of isolating sick large ruminants (P = 0.042) 
(Figure 5.8c). This possibly reflected reproductive knowledge being positively 
associated with large ruminant disease knowledge (P < 0.001), as well as nutrition (P 
< 0.001), and parasites (P = 0.090). As isolating sick large ruminants for treatment 
reduces the likelihood of transmission to farm animals and more importantly, the 
village, it is recommended that future intervention programs target improving general 
farmer knowledge of large ruminants (reproduction, disease and nutrition), to promote 
improved farm management and productivity.  
Interestingly, women and minority ethnic groups did not exhibit reduced knowledge or 
any association with reproductive performance of large ruminants in multivariable 
modelling, nor was farmer age a significant factor. The only recorded farm 
characteristic with significant effects on cattle and buffalo reproduction was the 
species of large ruminant farmed (P = 0.022). Smallholders raising buffalo only had 
the highest probability of receiving a low RKS, followed by smallholders raising both 
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species, with smallholders raising cattle only receiving the highest RKS (Figure 5.8e). 
Links to farmer age were ruled out based on mean age differing by only 4.5 months 
between buffalo and cattle farmers (mean 48.5 and 48.1 years, respectively). 
Intervention group may have contributed to the difference because a lower proportion 
of buffalo farmers received the medium intervention (21.7%) compared to between 
47.1% and 53.1% in mixed and cattle only farms, respectively. However, as RKS did 
not differ between the interventions in multivariable modelling, this was considered 
unlikely. Instead, the knowledge discrepancy was attributed to the lower attention to 
buffalo from policy makers in recent years. This is associated with the recent decline 
in buffalo popularity in Southeast Asia caused by agricultural mechanisation, myths 
that buffalo meat is inferior to cattle, poor reproductive performance (Nanda and 
Nakao 2003). Regardless of the reason, greater inclusion of buffalo in agricultural 
policies, research, and extension programs is justified to maintain the diversity of a 
species with comparative advantages over cattle including higher liveweight value, 
export demand, disease resilience, favourable milk composition and leaner meat with 
reduced calories (Nanda and Nakao 2003; Nampanya et al. 2014a). Hence, future 
interventions should actively engage potentially marginalised buffalo farmers among 
with females and minority ethnic groups to promote equitable agricultural 
development.  
Two unexpected findings were reproductive performance being higher on farms that 
believed selling infected large ruminants stopped FMD and HS (Figure 5.6d), and 
farms that believed it was appropriate to use the same food and water buckets for sick 
and healthy large ruminants (Figure 5.6e). The first finding reflects the common 
practice of selling sick livestock at a reduced price to salvage assets when mortality is 
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expected, as occurs regularly with HS. This has been shown to be more economical 
than treating and restoring unvaccinated animals to original weight in Laos (Rast et al. 
2010). Additionally, it is beneficial to herd fertility and the probable alternative to culling 
for sale or killing large ruminants on-farm with significantly lowered reproductive 
performance (Figure 5.6f). Hence, the belief that selling infected cattle and buffalo 
stops disease is probably motivated by both financial and production gains plus a lack 
of understanding of village biosecurity. This contradicts a porcine study conducted in 
Laos, attributing low productivity to a lack of production focus (Tiemann et al. 2017), 
showing that motivations cannot be generalised. In this case, stronger financial 
incentives such as penalties for failing to declare disease may deter these practices. 
However, these penalties may be impossible to enforce in rural villages (Rast et al. 
2010), so continued knowledge building is recommended to challenge biosecurity 
misconceptions. This should also be used to deter farmers from communalising food 
and water buckets for sick and healthy animals. Although, as more than 80% of 
smallholders do not use water troughs in Laos (Olmo et al. 2019), it is possible that 
responses were confounded by whether or not farmers used feeding infrastructure, 
and associated factors. Hence, this is a possible example of the over-simplification 
that can result from using closed-questions in surveys, and that some responses 
should be interpreted with caution.  
The study was also limited in its ability to compare the MI and HI programs due to no 
significant differences being observed between intervention groups on reproductive 
performance. While the KAP survey enabled the impact of farmer uptake of 
interventions on reproductive outputs to be assessed, the lack of an effective control 
group prevented the study from discerning whether the overall improvements 
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observed were exclusive to the farmers involved, or were observed across the board 
over time. While the impacts of interventions facilitating forage growing and correct 
vaccine administration on productivity corroborates with previous studies (Nampanya 
et al. 2014b), the lack of an effective control is a weakness of the study. While the 
implementation of a MI program aimed to widen the benefits of interventions, future 
studies may consider reverting to a LI instead of a MI to act as a control while 
incentivising sustained participation. Additionally, the smaller sample size surveyed in 
2018, partially a result of some farmers exiting the study, may have exacerbated the 
impacts of the interventions, assuming farmers remaining in the study had higher 
productivity. To overcome this, future studies may consider removing participants from 
analyses if they did not complete both the base-line and end-point surveys. This wasn’t 
done in the present study as it would have required a minimum of 411 surveys to be 
removed due to the discrepancy in sample size between years which was considered 
too excessive. Although representing the same household, the decision to encourage 
more female participation in surveys in 2018 also potentially introduced bias into the 
study. While respondent gender was not a significant predictor in statistical modelling, 
it is recommended that future studies encourage female participation but also aim to 
retain the same household representative between years. 
The nuances in farmer selection potentially contributed to the increased average total 
land size observed in MI households in 2018 at 3.3 ha compared to 2015 at 2.4 ha. 
However, it is likely that the increase in total land was mainly related to MI households 
growing considerably more forage at a mean 0.8 ha in 2018, compared to 0.2 ha in 
2015. Due to the complex nature of land rights in Laos (Andriesse and Phommalath 
2013), it is difficult to establish whether the increase in land was through land 
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purchasing, encroaching on paddy or communal land, or from using land owned by 
relatives. Regardless, the increased land used for forage probably influenced the 
increased proportion of income from large ruminants in MI households which 
increased from 23% in 2015 to 33% in 2018 and overtook non-farm income as the 
largest proportion of household income. The overall decreases in total income from 
2015 to 2018 in both MI and HI households reflects decreasing producer price indices 
starting from 2015 projected by the Food and Agriculture Organization of the United 
Nations (FAO 2018). It is possible that increased animal value resulting from forage 
growing limited any decreases in livestock income. However, the income data 
retrieved by the KAP survey should only be interpreted as a guide as it relied on farmer 
recall due to farmers not keeping written records.  
The analysis presented shows that there were no differences between the MI and HI 
programs on reproductive performance or farmer knowledge. This suggests that 
reproductive interventions did not improve reproductive efficiency and require further 
development. However, the analysis did identify nutritional, animal health and 
marketing relating interventions within the multi-objective project associated with 
reproductive performance. Hence, based on the findings of this study, it is 
recommended that forage growing and enhanced market-orientation be undertaken to 
enhance herd fertility and improve farmer knowledge of large ruminant health, nutrition 
and reproduction to prompt improved biosecurity practices are presented. These 
should be developed further to enhance involvement of buffalo owners, challenge 
current misconceptions on biosecurity and incorporate practical trials of reproductive 
interventions. Combined, these recommendations may assist local extension services 
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provide evidence-based advice to farmers, promoting improved smallholder 
productivity and livelihoods in Laos and beyond.’ 
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Chapter 6. General discussion 
 
6.1. Introduction 
Large ruminant reproductive efficiency remains low in Laos due to constraints 
associated with low-input smallholder farming. To improve reproductive efficiency for 
enhanced rural livelihoods and regional food security, this thesis contributes to an 
improved understanding of large ruminant reproductive management, associated 
health risks and techniques for improving reproductive efficiency. To enhance the 
understanding of the risk factors and interventions required that affect and could 
potentially improve reproductive efficiency on smallholder farms, this thesis analysed 
reproductive improvement resulting from interventions implemented from 2015-2018 
(Chapter 5). The seroprevalence of pathogens potentially affecting reproductive 
performance (Chapter 2) and herd management practices that may present risk of 
acquiring these infections in cattle and buffalo (Chapter 3) were also investigated. In 
addition, this thesis evaluated an easy-to-use treatment for T. vitulorum to address 
associated calf mortality to improve reproductive outputs (Chapter 4). This work has 
quantified aspects of bovid reproductive management and documented potentially 
infectious reproductive pathogens; both providing information that was previously 
lacking. Additionally, it provides direction to develop interventions for enhancing large 
ruminant reproductive performance at the smallholder farmer level, allowing 
prioritisation of resources. Suggestions are also provided on how findings from this 
thesis may be integrated by existing administrative structures and frameworks 
involved in rural agricultural development in Laos. 
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6.2. Overview of research approach and findings 
Chapter 1 identifies the current constraints to large ruminant reproductive efficiency 
in Laos associated with low-input farming. The main identified constraints were: the 
low availability of livestock nutrition; a lack of management facilitating successful 
conception, limited calf growth and breed improvement and; poor animal health 
associated with TADs, internal parasitism and uncertainty of the role of reproductive 
pathogens in reproductive inefficiency. This chapter outlined proven techniques to 
address these constraints through training and facilitating farmer adoption of: 
appropriate regular livestock vaccination and biosecurity; regular anthelmintic 
treatment against endemic parasites F. gigantica and T. vitulorum combined with 
management such as drying rice straw and removing calf manure from cattle houses 
and; growing and feeding of improved forages. Opportunities to improve reproductive 
management were based on recommendations from published literature and 
experiences of experts working in international livestock development, rather than 
techniques supported by experimental evidence from Laos. These included: altering 
the breeding season; bull selection and breeding soundness; calf management 
including castration and weaning; and cross-breeding (Nampanya et al. 2014b; 
Matsumoto et al. 2017). These key strategies formed the basis of the interventions 
and training material disseminated by the University of Sydney and the DLF, Laos, as 
part of the DBMDBP project, funded by ACIAR (ACIAR 2015). This intervention 
program was evaluated for impacts on reproductive efficiency, providing the first 
analysis of factors associated with bovid reproduction in Laos and resulting 
recommendations were presented in Chapter 5. Importantly, Chapter 1 highlighted 
that reproductive pathogens are a potential contributing cause of low reproductive 
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efficiency. Although investigations were lacking, their recognition in countries 
exporting bovids to Laos, justified their consideration. 
This led to preliminary screening of exposure to reproductive pathogens present in the 
region in Chapter 2, using stored sera and analysed by ELISA. Due to other priorities 
for serological studies using local laboratories, a decision was made to outsource the 
testing in collaboration with the Veterinary Diagnostic Laboratory at the City University 
of Hong Kong. Through this multi-institutional collaboration, N. caninum was identified 
as a highly prevalent bubaline infection affecting 68.9% (95% CI 57.3-80.5) of buffalo 
samples. This was considerably higher than in cattle at 7.8% (95% CI 2.3-13.3) (p < 
0.001). L. interrogans serovar Hardjo was detected at a higher rate of 22.2% (95% CI 
13.6-30.8) in cattle compared to buffalo samples at 3.3% (95% CI ± 0-7.8) (p = 0.003) 
and were higher than the only previous screening of cattle sera in Laos at 6% 
(Vongxay et al. 2012). BVDV was detected at low seroprevalence at 5-10% in cattle 
and buffalo and B. abortus was not detected. Significant differences in exposure rates 
between species prompted questions on whether this represented inherent species 
susceptibility, species management issues or both. Varying seroprevalence between 
provinces prompted questions on whether this reflected varying biosecurity practices, 
proximity and involvement with animal trafficking routes, or both. With routine abortion 
surveillance and vaccine prevention of bovid reproductive diseases not practiced in 
Laos, gaining an understanding of the risk factors to exposure could provide valuable 
interim information on prevention interventions, for potential promulgation by 
extension staff. This resulted in a scaled-out investigation using a larger sample of 
cattle and buffalo serum and conducting a risk factor survey informed by results from 
the preliminary analysis. 
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These investigations were described in Chapter 3 and the findings corroborated the 
exposure rates detected in Chapter 2. N. caninum antibodies were detected in 78.5% 
(95% CI 71.4-85.6) of buffalo samples and 4.4% (95% CI 2.4-6.4) of cattle samples. 
L. interrogans serovar Hardjo antibodies were detected in 12.8% (95% CI 9.5-16.1) of 
cattle samples and 2.3% (95% CI 0-4.9) of buffalo samples. BVDV and B. abortus 
were both detected at low seroprevalence; 0-7.7% and 0-0.3%, respectively, in cattle 
and buffalo. The analysis of risk factors provided evidence for high buffalo 
susceptibility to N. caninum in utero with buffalo having a 52.8% chance of being 
seropositive at birth. Herd management was implicated in transmission, with 
households that didn’t remove canine or rodent excrement from large ruminant feed 
sources having increased odds of herd seropositivity. Hence, the study identified that 
the widely practiced feeding of placental membranes or aborted/dead calves to village 
dogs (59% of herds) and failure to remove canid and rodent excrement, were potential 
risk factors for N. caninum seropositivity. The avoidance of these practices can be 
promoted by local extension services to prevent buffalo seroprevalence approaching 
100% by 12 years of age. While exposure was not linked to farmer proximity or 
engagement in animal trafficking routes, L. interrogans serovar Hardjo infection was 
linked to villages with higher cattle density and rainfall, farmers who used water 
troughs which were rarely cleaned, and farmers with fewer bulls leading to cows 
potentially mating with village bulls and acquiring infection venereally. This informs 
extension staff to endorse biosecurity measures such as regularly disinfecting water 
troughs and avoiding unrestricted mating. Heightened BVDV infection increasing with 
cattle age in the dry season implicated common-grazing in the post-rice harvest period 
as a potential risk factor which could be mitigated through forage growing and other 
forms of nutrient supplementation to reduce the reliance on road-side grass. This will 
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require continuation of facilitated training programs in nutritional management of 
farmers by government and non-government organisations, assistance with seed 
development and procurement (Millar and Connell 2010) and potentially, nutrient 
mineral blocks. 
The identification of exposure to pathogens associated with reproductive loss and 
strategies for their prevention are key components required to enhance the 
understanding of how to improve reproductive efficiency in cattle and buffalo in Laos. 
However, further work is needed to better define the pathological impacts of these 
pathogens, plus increase the impacts of disease prevention strategies. The incidence 
of bovid reproductive loss in Laos is currently unknown. Incentivising and training 
farmers to keep written reproductive records may assist in the quantification of 
reproductive loss in Laos. Consequently, this may engage farmers in practices that 
reduce their reproductive loss and may include. Further studies using such measures 
may enable the proportion of reproductive losses to be associated with seroconversion 
to particular reproductive pathogens, confirming whether or not these pathogens are 
currently contributing to production losses, and nutritional and management inputs.  
For research purposes, an attempt should be made to investigate the pathological 
causes of abortion storms anecdotally reported in Laos, as currently this has not 
occurred. This will require the training of extension workers to collect and store whole 
foetuses in formalin if aborted in first trimester or collect a range of tissue samples 
(brain, lung, heart, liver, kidney, spleen, and conjunctiva samples) if aborted in the 
second or third trimester (Reichel et al. 2018). In addition, the collection of foetal fluids 
and ‘paired’ serum samples from aborting versus non-aborting populations of dam, is 
suggested for future diagnostics (Reichel et al. 2018). The correct use of laboratory 
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support requires adequately trained and experienced veterinarians and upgrades of 
laboratory capacities to ensure serology, post-mortems and histopathological 
investigations are facilitated rigorously. However, as the etiologic diagnosis of abortion 
remains low even in developed countries at 30-40% (Tibary 2019), it is recommended 
that researchers, government and extension workers focus on quantifying the rate of 
abortion in smallholder farms and aim to reduce this rate by implementing animal 
health, nutrition and management interventions. Future intervention programs may 
also benefit from including material reinforcing biosecurity messages such as “prevent 
dogs from eating placental membranes by separating preparturient cows” and “if you 
wish to consume or sell the placenta, wear gloves when handling raw materials and 
wash your hands afterwards”. 
Continuing the theme of pathogenic causes of reproductive loss, Chapter 4 examined 
a novel technique for administering anthelmintics to control T. vitulorum in calves. With 
calf mortality estimated annually at 37.3% with significant associations to T. vitulorum 
infection (Rast et al. 2013b), improving calf survival and growth was identified as an 
important issue with potential to yield significant benefits on reproductive efficiency. 
To overcome low adoption of readily available pyrantel tablets due to its narrow range 
of efficacy, difficult oral administration when restraint infrastructure is lacking, and lack 
of technical support (Rast et al. 2014), an alternative treatment was trialled. It was 
anticipated that fenbendazole administered in molasses blocks would allow easy 
administration with farmers only required to replace blocks when finished. Combined 
with nutritional benefits, it could lead to observable improvements to calf health 
needed to sustain farmer engagement. FMB and MB were provided by 4 Season 
Company Pty Ltd, and facilitated by the ETLDRM project (ACIAR 2016). The findings 
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from three trials conducted in Laos from 2015-2018 were collated and analysed, 
showing that access to FMB and MB for 7-8 weeks reduced T. vitulorum EPG and 
accelerated growth in cattle less than 4 months of age. This provided baseline 
evidence that this dual-technology may offer livelihoods benefits to farmers. This is 
likely through enhancing animal value and assisting farmers with daily mustering 
activities, thereby reducing household labour requirements. These factors likely 
contributed to farmers indicating they would be willing to purchase the blocks to 
improve herd management and health on their farms. However, as the livelihood 
impacts of this technology will likely be the greatest on farms experiencing severe calf 
mortality, purposeful selection of T. vitulorum endemic areas for further field-testing is 
suggested. Additionally, this technology could be marketed to farmers who 
demonstrate an interest in developing specialist breeding capabilities as a method to 
enhance calf sale value. Further research is needed for the potential benefits of this 
technology to be fully understood. This may include: optimising block formulations, 
possibly with the addition of urea; establishing local supply; identifying farms 
experiencing severe calf mortality and morbidity or showing interest in specialising as 
a breeder; and strictly adhering to field trial protocols. In the interim, available chemical 
treatments (orally administered pyrantel) and non-chemical control options (potentially 
removing calf faeces from animal housing) should be presented to farmers to improve 
calf survival and reproductive efficiency. 
Chapter 5 presented the results from the intervention program on reproductive 
efficiency, identifying several factors and interventions linked to improved reproductive 
output. The intervention program facilitated and trained extension staff on: appropriate 
FMD and HS vaccination; parasite management; biosecurity; forage establishment; 
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stall fattening; and reproductive husbandry and market analysis. On-the-job farmer 
training occurred during forage establishment, vaccination and farm visits. The annual 
number of calves born per household (p < 0.001) and farmer knowledge on bovid 
reproduction (p < 0.001) increased from 2015-2018, suggesting overall benefits of the 
intervention program. Specifically, adoption of forage growing (p < 0.001) and 
improved marketing practices (p = 0.006) were identified as significantly associated to 
enhanced reproductive efficiency. Although, as further improvement to the 2018 
reproductive knowledge scores of 49-50% is required, and because reproductive 
interventions exclusive to the HI program did not yield additional improvements to 
reproductive performance, it is suggested that current reproductive interventions could 
be further developed. Future investigations on interventions targeting reproductive 
management such as castration and weaning, and breed improvement, may be 
warranted to improve farmer engagement in reproductive management, likely leading 
to accelerated improvements in reproductive performance.  
To initiate this, high quality participatory research through focus group discussions is 
suggested to build on knowledge deficits identified in Chapter 5. This may include 
benchmarking farmer perceptions of livestock reproductive performance and potential, 
understanding motivations and production priorities accounting for cultural, historical 
and environmental factors, identifying and capitalising on existing local innovation, and 
building on local knowledge (IIRR 2000). The inclusion of farmers from the 1-2% of 
households practicing castration of unwanted male large ruminants to control 
breeding, or the 16% of households practicing fattening, is highly recommended. This 
will likely unearth local innovation which can potentially direct future reproductive 
interventions likely to yield improved reproductive management. 
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The knowledge that forage growing and market participation are associated to 
enhanced reproductive efficiency on smallholder farms can be used to direct future 
intervention programs. The design of extension programs to enhance important 
outputs such as animal value, meat quality and safely, human nutrition, and 
biosecurity, can include reproductive efficiency interventions. This provides a valuable 
starting point for enhancing reproductive efficiency in a country where bovid 
reproductive management is very limited. The next step will be to directly address 
reproductive management through targeted interventions informed by preliminary 
analyses such as those presented in Chapters 4 and 5. Additionally, the identified 
presence of reproductive pathogens and preventative strategies provides a basis of 
knowledge to guide issues with reproductive loss as they arise or become more 
apparent with enhancing efficiency.  
6.3. Improving the understanding of smallholder bovid reproductive 
management  
This thesis updates and improves the overall understanding of smallholder bovid 
reproduction in Laos by describing key aspects of reproductive management that were 
previously lacking. In Chapter 3, interviews with 75 smallholder farmers quantified that 
almost all famers (97.3%) engaged in unrestricted mating as their main method of 
breeding bovids. Although an expected outcome, this finding highlights a degree of 
stagnation in cattle and buffalo breeding practices in Laos, compared to practices now 
prominent in neighbouring countries of Thailand and Cambodia. In Cambodia, many 
smallholders now pay for servicing of their cows with selected bulls (Olmo et al. 2017) 
whilst in Thailand many farmers mate their cows by artificial insemination to different 
sire-breeds (Bunmee et al. 2018), both leading to improved oestrus and pregnancy 
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detection skills. These skills were evidently lacking in Laos, where observations of 
increased abdominal size (49.3% of farmers) and increased udder size (33.3% of 
farmers), were the main methods of pregnancy diagnosis. Observing a lack of return 
to oestrus was only practiced by 4.0% of smallholders in Laos and is much lower than 
rates observed in Cambodia (37.5%) (Olmo et al. 2017). Although sample size was 
limited in both studies, this comparison confirms that bovid reproductive management 
is less established in Laos. The delayed detection of pregnancy, at mean 3.9 ± 1.2 
months gestation in cattle and 5.1 ± 1.9 months in buffalo, would prevent farmers from 
directing appropriate nutritional inputs to pregnant females, despite 64-69% of farmers 
being aware that pregnant cows need as much as twice the feed of non-pregnant cows 
(Figure 5.7). With fewer than 6% of smallholders knowing that cows being mounted 
and being more vocal were expressions of oestrus (Figure 5.7), resources are required 
to train extension staff to increase farmer understanding of and ability to detect oestrus 
and pregnancy in their animals. 
An improved description of the calving period also allows for a greater ability to design 
reproductive interventions. Farmers reported that cattle and buffalo calves were mainly 
born from November to December, corroborating recent observations from Laos 
(Matsumoto et al. 2017). The additional comparison to climatic data (Figure 3.2) also 
confirmed that unrestricted mating results in peak calving coinciding with periods of 
lower temperature and rainfall. This may be linked to reduced heat stress in January-
February improving fertility, leading to the observed occurrence of peak calving. This 
observation has been substantiated in Thailand where the reduced temperature and 
relative humidity index (THI) from November to February was significantly associated 
to higher pregnancy rates in artificially inseminated Thai Brahman heifers and cows 
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compared to warmer months (Kajaysri and Wattananorasate 2018). In Thai Holstein 
cows, reproductive performance also corroborated this seasonal pattern. Calving to 
conception intervals were lowest in cows calving in the late rainy season compared to 
cows calving in warmer parts of the year (Boonkum et al. 2011), and milk production 
declined when THI were highest (Boonkum and Duangjinda 2015). Therefore, the 
likely influence of seasonality on current calving outputs resulting from unrestricted 
mating reported by farmers in Laos provides additional considerations for reproductive 
interventions. Specifically, recommendations presented in Chapter 1 to shift the 
breeding season to the commencement of the wet season when grass availability 
increases substantially but average temperatures are the highest, should anticipate 
the possibility of reduced lactation. Additionally, high temperatures in September and 
October may cause heat stress inducing physiological changes in bovids (Aengwanich 
et al. 2011) linked to lowered fertility. Hence, if attempts are made to shift the breeding 
season to the onset of wet season, researchers should closely monitor fertility and 
ensure farmers provide ad lib water and artificial or tree shade to cattle and buffalo.  
The finding that the majority of households (57%) don’t isolate or provide inputs to 
cows prior to calving, presents additional considerations for researchers and extension 
staff. Allowing cows to calve freely in farmland or forests likely facilitates village dog 
consumption of placental membranes and aborted/dead calves, a practice widely 
reported by households (59%). In addition to acting as a potential risk factor for canine 
exposure and transmission of N. caninum, the absence of calving management would 
need to be addressed in intervention programs encouraging best practices such as 
reproductive record keeping, improving gestation nutrition through spike feeding, or 
cross-breeding where dystocia is a higher risk. Additionally, to reduce zoonotic risks 
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of brucellosis should it emerge, the potentially high-risk practice of households 
consuming bovid placental membranes reported by 61 % of households, should be 
addressed by encouraging farmers to wear gloves when handling foetal material, 
especially if abrasions are present on hands or the handler is pregnant (Glynn and 
Lynn 2008). As this practice was higher on smaller land holdings (< 2 ha), education 
of these farmers should be prioritised in areas where brucellosis is detected.  
Finally, the quantification of reproductive loss with 14.5% and 10.0% of households 
reporting this phenomenon in their cattle and buffalo herd in the last 24 months, 
respectively, provides an insight into this source of reproductive inefficiency. These 
farmers may present as receptive candidates to knowledge-based preventative 
strategies aimed at reducing the risk of exposure to abortifacient pathogens (Chapter 
3) and may be more likely to report cases of abortion to extension staff for further 
diagnostic investigations.  
6.4. Contextual limitations to the research work and results 
In conducting the research for this thesis, the competing priorities of the Lao livestock 
sector and the smallholder farming systems in which they operate in, were considered. 
Although utmost effort was made to ensure all research was carried out to a high 
standard of science, some biases, limitations and challenges were necessarily 
present.  
This thesis estimated bovid exposure to reproductive pathogens (Chapters 2 and 3) 
using serum samples derived from smallholder farmers from 5-6 of the total 18 
provinces and prefectures purposely selected for their high cattle densities. Hence, 
the seroprevalence data is not necessarily representative of country-wide 
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seroprevalence, although it does encompass the regions most likely to benefit from 
large ruminant research. Chapter 2 also demonstrated that seroprevalence differed 
significantly between examined provinces for buffalo N. caninum and cattle L. 
interrogans serovar Hardjo (Figure 2.4), suggesting that risk factors are specific to 
regions. However, risk factors identified in Chapter 3 were considered relevant for all 
provinces in the study as province and village were accounted for as random effects 
in the models used. Future studies may benefit from sampling a wider range of 
provinces, including those with lower cattle density but increasing involvement in 
transboundary large ruminant trade. This may include Champasack, Khammouan and 
Attapeu Province (Smith et al. 2015) and lead to an improved understanding of 
exposure hotpots and pathways for bovid reproductive pathogens in Laos. 
Another potential limitation was that serum sample size was limited by negotiations 
with in-country leaders and availability. As Chapter 3 aimed to survey a larger sample 
size to enable associations to risk factors, random selection of stored serum samples 
could not be conducted as done in Chapter 2. This was because all available samples 
were required in order to approach sample size calculated from online epidemiological 
tools. However, as sample random selection was employed by the original projects 
from which the serum was derived, a reduction in bias was assumed. As outlined in 
Chapter 3, buffalo samples were particularly limited by decreasing buffalo numbers 
nationally, and the timing of collections which occurred in the wet season when many 
buffalo were free-grazing in forests and inaccessible for sample collection. In some 
instances, farmers were able to muster buffalo, or several visits were made per day to 
account for buffalo eventually returning to the homestead. Hence, a degree of 
geographic bias ensued, with several visits being possible only to farms within an hour 
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of PAFO, Luang Prabang. Despite these constraints, Chapters 2 and 3 presented the 
first screening of N. caninum, L. interrogans serovar Hardjo and BVDV and provided 
valuable initial insights for future investigations. However, as this thesis did not 
investigate all potential abortifacient diseases affecting cattle and buffalo and 
employed a pathogen selection process affected by potential bias in the literature and 
advice from experts, the relative importance of these particular pathogens remains 
unclear. Future research programs should not rule out the possibility of other 
abortifacient and/or infectious pathogens or genetic diseases contributing to low 
reproductive performance in Laos, despite not being reported in Laos or neighbouring 
countries as literature from the region is limited.  
The household inclusion criteria used in Chapter 5 were necessary to secure a high 
degree of household participation, accessibility and relevance to project aims. 
However, they limit the reach of the recommendations to households within this 
sampling frame. Due to the likelihood that other projects operating in Laos and 
surrounding countries are constrained by similar criteria, the results from this study will 
still be useful to researchers operating in this field. Although outside the scope of this 
study, engaging with disadvantaged households that are more remote, own fewer 
cattle and have less contact with agricultural extension staff, is of paramount 
importance as these households are likely to experience higher levels of poverty and 
food insecurity. Hence, future studies should place greater importance on reaching 
disadvantaged households to further the understanding of household diversity in Laos, 
ensure benefits from research for development are equitable, and prevent 
development gaps from emerging. 
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Chapter 5 adapted a KAP survey previously used in Laos to evaluate livestock 
interventions (Nampanya et al. 2010). Benefits of using this survey were perceived as 
improved survey quality from previous exposure of extension staff to survey design, 
and ability to improve survey questions based on past feedback and field testing. 
Combined with the predominant use of closed-questions, the survey design facilitated 
the large sample size achieved of 637 households in 2015 and 226 households in 
2018. However, a drawback was the inevitability of potential over-simplification and 
false assumptions leading to confounding results. The finding that households 
believing that using the same food/water buckets for sick and healthy large ruminants 
was appropriate had higher bovid reproductive efficiency (Figure 5.6), was likely 
confounded by whether farmers used food/water buckets, which Chapter 2 suggests 
is not widely practiced. Hence, whilst KAP surveys are a useful tool to generate base-
line information and evaluate intervention programs, further participatory research 
through focus group discussion to investigate and build on KAP findings is 
recommended. 
6.5. Further considerations for improving reproductive interventions in Laos 
The current stage of agricultural development in Laos favours future projects in large 
ruminant reproduction continuing to combine several interdependent production 
objectives. These include enhancing the health, nutrition, meat quality and safety of 
several livestock species as well as human nutrition. Within this context, the resources 
required to research, design and implement specific interventions targeting 
reproductive management are limited. However, options are available to maximise the 
effectiveness of current reproductive interventions by integrating findings from this 
thesis with established institutional structures to deliver appropriate practical 
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interventions and fostering peer-learning. The following presents an overview of these 
strategies to improve smallholder cattle and buffalo reproductive health and 
management in Laos. 
6.5.1. Building local extension staff capacity on reproductive management  
Improving the capacity of local extension staff in the area of reproductive management 
through additional training is a potential starting point. Extension staff salaries are 
currently below the cost of living with training mainly consisting of agricultural 
certificates from various agricultural colleges (Rast 2013), supporting the need for 
additional financial and educational inputs. Training of extension staff was undertaken 
by the DBMDBP project (Chapter 5) and included 2-3 day workshops specifically 
targeting bovid reproductive physiology and management. To further improve this 
knowledge-based intervention, future training material could be customised by 
integrating recommendations from Chapters 3 and 5 to increase the awareness of 
abortifacient pathogens and preventative strategies, and emphasise the importance 
of: forage growing; market participation; selling infertile cows (not just because they 
are sick); improving oestrus and pregnancy detection; isolating sick large ruminants 
on farm and culling animals off farm. To evaluate the effectiveness of reproductive 
training, pre- and post-workshop surveys can be conducted as recommended by 
Nampanya et al. (2014c), with training material subsequently improved based on 
results and feedback from extension staff.  
In addition to technical knowledge, further training and research on extension 
techniques are needed to overcome the low capacity of extension services, and limited 
knowledge transfer between extension staff and farmers resulting from cultural and 
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communication issues, and remoteness of villages in Laos (Rast et al. 2015). Attempts 
to address these issues have included on-the-job training and mentoring of trainee 
extension workers by experienced extension workers and project leaders from 
neighbouring provinces (Millar and Connell 2010). This led to extension staff 
effectively identifying livelihood impacts of forage growing and translating these 
findings to extension tools including photographs on posters which were used to 
communicate intervention impacts to households with low literacy levels (Millar and 
Connell 2010). Hence, enhanced financial and research investments into developing 
livestock extension services in Laos may further improve adoption of reproductive 
management interventions by smallholder farmers.  
However, a limitation of relying on extension workers to facilitate farmer training is that 
the motivation to disseminate knowledge-based strategies can end when financial 
incentives cease. This includes per diems paid by projects to extension workers to 
carry out farmer training in project locations. Another consideration is the current 
salary structure of extension staff who rely on additional income from providing 
services to supplement their low wages, including the administration of antibiotics, to 
be financially viable (Rast 2013). This has the potential to diminish the dissemination 
of preventative information strategies over treatments where payments accrue. 
Hence, other concurrent strategies are needed to engage and empower farmers 
directly by building local knowledge and improving practices among farmers.  
6.5.2. Considerations for integrating practical reproductive interventions 
Endorsing practical management and knowledge interventions can be an effective way 
to sustainably improve practices especially if they yield immediately visible livelihood 
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benefits that trigger farmer engagement (Millar and Connell 2010). One such example 
is the adoption of forage growing technologies in Laos which reduced household 
labour associated with sourcing road-side grass and improved cattle value. These 
benefits led to farmer engagement and receptiveness to knowledge-based 
interventions on animal husbandry, health, and biosecurity (Millar and Connell 2010; 
Young et al. 2015). Hence, identifying and delivering appropriate reproductive 
interventions, will likely engage smallholder farmers with activities to improve their 
knowledge on breeding management, abortifacient pathogen exposure prevention 
and T. vitulorum control and management.  
While the interventions considered in Chapter 1 have the biological potential to 
enhance reproduction, farmer resistance should be anticipated because interventions 
such as altering the breeding season, bull selection within indigenous breeds and 
castration and weaning, may lack the degree of immediate observability needed to 
engage farmers in knowledge training activities that will sustain adoption (Young et al. 
2015). This is largely due to the latency of the nine-month gestation period of cattle 
and buffalo and the lack of farmer record keeping which would substantiate benefits. 
Other difficulties are that field-testing is often compromised by low research capacity, 
compliance and resources at the village-level (Chapter 4). Additionally, resistance to 
interventions should be expected if they require increased household labour because 
resources in many rural households are already stretched (Young et al. 2015). 
Despite these challenges, continued investigations into potential practical reproductive 
interventions are needed to guide livestock development in Laos. Based on current 
evidence, a suitable entry-point could be controlling T. vitulorum using FBZ delivered 
through molasses blocks to increase reproductive efficiency by lowering calf morbidity 
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and mortality (Rast et al. 2014). This technology has been suggested as an alternative 
to pyrantel which is associated with current low treatments rates. Chapter 4 suggests 
FMB and MB result in significant reductions to T. vitulorum EPG and accelerated calf 
growth. Additionally, the emerging trend of cross-breeding outlined in Chapter 1 
presents another potential entry-point intervention offering few initial labour 
investments and improved livelihoods through higher valued offspring and income 
from provision of bull servicing. However, due to the variable success of cross-
breeding cattle and buffalo in Southeast Asia, with lowered reproductive efficiency 
resulting in Cambodia and Indonesia from an inability to sustainably provide nutritional, 
health and reproductive management inputs to cross-breeds (Olmo et al. 2017; Agus 
and Mastuti Widi 2018), exotic breed introduction should be introduced with caution. 
It is likely that the increased proportion of cross-breed cattle in Cambodia (19-68%) 
(Sath et al. 2008; Serey et al. 2014) and Indonesia (>30%) (Cottle 2014) compared to 
< 1% in Laos (Agricultural Census Office Lao PDR 2012), is associated with bovid 
reproductive management such as pregnancy diagnosis being less established in 
Laos as mentioned in section 6.3. To reduce the risk of lowered reproductive efficiency 
associated with cross-breeding in Southeast Asia, future studies may trial a user pay 
system in Laos rather than full subsidisation of servicing to discourage farmers not 
committed to this intervention (Young et al. 2015). Participatory research would also 
be beneficial in formally documenting the impact of local innovation such as crossing 
native cows with native × Brahman bulls, with anecdotal reports suggesting faster 
growing, larger offspring that can be managed similarly to native cattle. As there is 
unlikely to be a ‘one-size fits all’ intervention due to varying farmer resources, interest 
and extension staff availability and skills (Young et al. 2015), implementation should 
always be accompanied with high quality research. This is required to understand how 
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the technologies impact people’s lives and fit into the whole farm system to minimise 
negative impacts on rural communities (Millar and Connell 2010). 
6.5.3. The importance of peer-learning to empower farmers 
Finally, to enhance the success of both knowledge-based and practical reproductive 
interventions, researchers and stakeholders should utilise and be aware of the 
importance of peer-learning. Fellow farmers are the main reported source of 
agricultural information to Lao farmers (Agricultural Census Office Lao PDR, 2012), 
followed by radio and television programs. Hence, the identification of champion 
farmers, described as early adopters of agricultural technology who tend to seek new 
information, is required as they often promote and assist neighbouring farmers to 
adopt new technologies (Young et al. 2015). Champion farmers usually have sufficient 
land, livestock, and paddy rice, are able to take greater risks and are good candidates 
to participate in cross-visits (Millar and Connell 2010). This allows for keen farmers 
from one village to observe successful intervention adoption at nearby villages with 
similar geopolitics and socioeconomics (Young et al. 2015). Cross-visits can enhance 
adoption rates as demonstrated by the adoption of forage growing trebling and a 13-
fold increase in households engaging in livestock fattening following a series of cross-
visits in Laos in 2004 (Millar and Photakoun 2008). The combined effort of resources 
to establish interventions, capacity building of extension staff to provide ongoing 
advice to farmers, and facilitated peer-learning, can collectively empower farmers to 
improve their livestock practices leading to enhanced productivity and livelihood 
benefits.  
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6.6. Conclusions 
This thesis achieves its aims of furthering the understanding of various topics needed 
to enhance large ruminant reproductive efficiency in Laos. This required an exploration 
of current management inputs and their associated constraints which led to a range of 
scientific investigations being conducted within the contextual circumstances of Laos. 
Sero-epidemiological investigations facilitated by multi-institutional collaboration 
identified high N. caninum exposure in buffalo, moderate L. interrogans serovar Hardjo 
exposure in cattle and low exposure to BVDV and B. abortus in bovid dense provinces. 
The potential threat to reproductive efficiency through reproductive loss was 
addressed by identifying several risk factors to exposure that can be disseminated by 
extension staff, upon their receipt of training in relevant topics on reproductive 
management. To combat high annual calf mortality and morbidity in T. vitulorum 
endemic areas, calves were provided access to fenbendazole via molasses blocks to 
facilitate easy administration and boost nutrition. The positive effects on faecal egg 
burdens and calf growth were well received by farmers, encouraging scientists to 
further the development of this technology as an alternative control option for T. 
vitulorum. Finally, the first evaluation of factors affecting reproductive efficiency in 
cattle and buffalo in Laos confirms that current intervention programs are effective and 
identifies areas where further improvements can be made. These findings complement 
research being conducted on interdependent areas such as improving livestock 
nutrition, biosecurity and market orientation to holistically improve the understanding 
of livestock development in Laos needed to sustainably enhance rural livelihoods, 
income and regional food security in Laos.  
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